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WARNING! 


The materials and works contained within EPE Online — which are made 
available by Wimborne Publishing Ltd and TechBites Interactive Inc — 

are copyrighted. You are permitted to make a backup copy of the downloaded file 
and one (1) hard copy of such materials and works for your personal use. 
International copyright laws, however, prohibit any further copying or 

reproduction of such materials and works, or any republication of any kind. 


TechBites Interactive Inc and Wimborne Publishing Ltd have used 

their best efforts in preparing these materials and works. However, TechBites 
Interactive Inc and Wimborne Publishing Ltd make no warranties of 

any kind, expressed or implied, with regard to the documentation or data 
contained herein, and specifically disclaim, without limitation, any implied 
warranties of merchantability and fitness for a particular purpose. 


Because of possible variances in the quality and condition of materials and 
workmanship used by readers, EPE Online, its publishers and agents disclaim 
any responsibility for the safe and proper functioning of reader-constructed 
projects based on or from information published in these materials and works. 
In no event shall TechBites Interactive Inc or Wimborne Publishing Ltd 

be responsible or liable for any loss of profit or any other commercial damages, 
including but not limited to special, incidental, consequential, or any other 
damages in connection with or arising out of furnishing, performance, or use of 
these materials and works. 
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HB7 Stirling Engine 

Base measurements: 128 mm x 108 mm x 170 mm, 1 kg 

Base plate: beech - Working rpm: 2000 rpm/min. (the 

engine has a aluminium good cooling Cylinder) 

Bearing application: 10 high-class ball-bearings 

Material: screw, side parts all stainless steel 

Cylinder brass, Rest aluminium and stainless steel. 

Available as a kit £80.75 or built £84.99 
www.mamodspares.co.uk 


HB9 Stirling engine 

Base measurements: 156 mm x 108 mm x 130 mm, 0,6 
Kg Base plate: beech Working rpm: approx. 2,000 min 
Bearing application: 6 high-class ball-bearings 
Material of the engine: brass, aluminium, stainless steel 
running time: 30-45 min. 
Available as a kit £97.75 or built £101.99 

www.mamodspares.co.uk 


Base measurements: 156 mm x 108 mm x 130 mm, 0,6 

Kg Base plate: beech Working rpm: approx. 2,000 rpm 

Bearing application: 6 high-class ball-bearings 

Material of the engine: brass, aluminium, stainless steel 

running time: 30-45 min 

Available as a kit £97.75 or built £101.99 
www.mamodspares.co.uk 


HB11 Stirling Engine 

Base measurements: 156 mm x 108 mm x 130 mm, 0,7 

Kg Base plate: beech 

Working rpm: 2000 - 2500 rpm/min,run Bearing applica- 

tion: 4 high-class ball-bearings Material: screw, side parts 

total stainless steel Cylinder brass Rest aluminium, stain- 

less steel. 

Available as a kit £97.75 or built £101.99 
www.mamodspares.co.uk 


HB12 Stirling Engine 

Base measurements: 156 mm x 108 mm x 130 mm, 1 Kg 
Base plate: beech Working rpm: 2000 - 2500 
rpm/min,Bearing application: 6 high-class ball-bearings 
Material: screw, side parts total stainless steel 
Cylinder brass Rest aluminium, stainless steel. 
Available as a kit £136 or built £140.25 

www.mamodspares.co.uk 
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HB13 Stirling Engine 
Base measurements: 156 mm x 108 mm x 150 mm, 0,75 
kg Base plate: beech Working rpm: 2000 - 2500 rpm/min, 
Bearing application: 6 high-class ball-bearings Material: 
screw, side parts total stainless steel Cylinder brass 
Available as a kit £97.75 or built £101.99 


STEAM ENGINE KIT 


Everything in the kit enables you to build a fully functional 
model steam engine. The main material is brass and the 
finished machine demonstrates the principle of oscillation. 
The boiler, uses solid fuel tablets, and is quite safe. All 
critical parts (boiler, end caps, safety vent etc.) are ready 
finished to ensure success. The very detailed instruction 
booklet (25 pages) makes completion of this project pos- 
sible in a step by step manner. Among the techniques 
experienced are silver soldering, folding, drilling, fitting 
and testing. £29.70 ref STEAMKIT Silver solder/flux pack 
£3.50 ref SSK 


www.mamodspares.co.uk 


HB14 Stirling Engine 
Base measurements: 156 mm x 108 mm x 150 mm, 1 kg 
Base plate: beech Working rpm: 2000 - 2500 rpm/min, . 
Incl. drive-pulley for external drives Bearing application: 
10 high-class ball-bearings Material: screw, side parts total 
stainless steelCylinder brass Rest aluminium, stainless 
steel Available as a kit £140.25 or built £144.50 
www.mamodspares.co.uk 


oc OO 


HB15 Stirling Engine 
Base measurements: 128 mm x 108 mm x 170 mm, 0,75 
kg Base plate: beech Working rpm: 2000 rpm/min. (the 
engine has a aluminium good cooling Cylinder) 
Bearing application: 6 high-class ball-bearings 
Material: screw, side parts total stainless steel 
Cylinder brass Rest aluminium, stainless steel 
Available as a kit £97.75 or built £102 
www.mamodspares.co.uk 


HB16 Stirling Engine 
Base measurements: 128 mm x 108 mm x 170 mm, 1 kg 
Base plate: beech Working rpm: 2000 rpm/min. (the 
engine has a aluminium good cooling Cylinder) 
Bearing application: 10 high-class ball-bearings 
Material: screw, side parts total stainless steel 
Cylinder brass Rest aluminium, stainless steel. 
Available as a kit £140.25 or built £144.50 


2kW WIND TURBINE KIT 

The 2kW wind turbine is sup- 
plied as the following kit: turbine 
generator 48v three taper/ 
twisted fibreglass blades & hub 
8m tower (four x 2m sections) 
guylines / anchors / tensioners / 
clamps foundation steel rectifier 
2kW inverter heavy-duty pivot 
tower. £1,499 


BULL GROUP LTD 


UNIT D HENFIELD BUSINESS PARK 
HENFIELD SUSSEX BN5 9SL 


TERMS: C/ CARDS, CASH, PO, CHEQUE OR 
ONLINE ORDERING. PRICES PLUS VAT 
UK DELIVERY £5.50 
TEL 0870 7707520 FAX 01273 491813 
sales@bullnet.co.uk 


Solar Panels 
We stock a range of solar photovoltaic panels. These are 
polycrystalline panels made from wafers of silicon lami- 
nated between an impact-resistant transparent cover and 
an EVA rear mounting plate. They are constructed with a 
lightweight anodised aluminium frame which is predrilled 
for linking to other frames/roof mounting structure, and 
contain waterproof electrical terminal box on the rear. 5 
watt panel £29 ref 5wnav 20 watt panel £99 ref 20wnav 
60 watt panel £249 ref GOwnav. Suitable regulator for up 
to 60 watt panel £20 ref REGNAV 


Solar evacuated tube panels 

(20 tube shown) These top-of-the-range solar panel 
heat collectors are suitable for heating domestic hot 
water, swimming pools etc - even in the winter! One unit 
is adequate for an average household (3-4people), and 
it is modular, so you can add more if required. A single 
panel is sufficient for a 200 litre cylinder, but you can fit 
2 or more for high water usage, or for heating swimming 
pools or underfloor heating. Some types of renewable 
energy are only available in certain locations, however 
free solar heating is potentially available to almost every 
house in the UK! Every house should have one -really! 
And with an overall efficiency of almost 80%, they are 
much more efficient than electric photovoltaic solar pan- 
els (efficiency of 7-15%). Available in 10, 20 and 30 tube 
versions. 10 tube £199, 20 tube £369, 30 tube £549. 
Roof mounting kits (10/20 tubes) £12.50, 30 tube 
mounting kit £15 


BENCH PSU 0-15V 0-2a Output 

~ and voltage are both smooth 
and can be regulated according 
to work, Input 230V, 21/2-num- 
ber LCD display for voltage and 
current, Robust PC-grey hous- 
ing Size 13x15x21cm, Weight 
3,2kg £48 REF trans2 
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NEW ELECTRONIC CONSTRUCTION KITS 
This 30 in 1 electronic kit includes an introduction to elec- 
trical and electronic technology. It provides conponents 
that can be used to make a variety of experiments includ- 
ing Timers and Burglar Alarms. Requires: 3 x AA batter- 
ies. £15.00 ref BET1803 
AM/FM Radio This kit enables you to learn about elec- 
tronics and also put this knowledge into practice so you 
can see and hear the effects. Includes manual with 
explanations about the components and the electronic 
principles. Req’s: 3 x AA batts. £13 ref BET 1801 
This 40 in 1 electronic kit includes an introduction to 
electrical and electronic technology. It provides conpo- 
nents that can be used in making basic digital logic cir- 
cuits, then progresses to using Integrated circuits to 
make and test a variety of digital circuits, including Flip 
Flops and Counters. Req’s: 4 x AA batteries. £17 ref 
BET1804 
The 75 in 1 electronic kit includes an nintroduction to 
electrical and electronic technology. It provides conpo- 
nents that can be used to make and test a wide variety of 
experiments including Water Sensors, Logic Circuits and 
Oscillators. The kit then progresses to the use of an inter- 
grated circuit to produce digital voice and sound record- 
ing experiments such as Morning Call and Burglar Alarm. 
Requires: 3 x AA batteries. £20 ref BET1806 
www.slips.co.uk 
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Projects and Circuits 


ELECTROSMOG SNIFFER by Thomas Scarborough 10 
Sniff out those electromagnetic fields 
STUDIO SERIES - STEREO PREAMPLIFIER by Peter Smith 18 


A superb preamplifier for the audio enthusiast 


LOW-COST INTERCOOLER WATER SPRAY CONTROLLER by Julian Edgar 38 
A sophisticated way of controlling a turbo car’s intercooler water spray 


INGENUITY UNLIMITED Sharing your ideas with others 52 
Infrared Proximity Switch 
MIDI DRUM KIT — 3 by John Clarke 56 


Mechanical construction and optical sensor 


Series and Features 


TECHNO TALK by Mark Nelson 9 
Tales of Putrefaction 

PIC N’ MIX by Mike Hibbett 15 
Static LCDs and PICs 

CIRCUIT SURGERY by lan Bell 30 
Concluding our discussion of SPICE simulation 

COLOSSUS AND PICO 34 
The world’s first programmable electronic computer reborn 

TEACH-IN 2008 - USING PIC MICROCONTROLLERS PART 4 44 


by John Becker 
Using alphanumeric LCDs under PIC control 


INTERFACE by Robert Penfold 50 
Shaping up with Visual BASIC 2008 Express Edition 
NET WORK by Alan Winstanley 66 


All-in-one search results; Viral vouchers 
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EDITORIAL 7 

NEWS - Barry Fox highlights technology’s leading edge 8 

Plus everyday news from the world of electronics 

CD-ROMS FOR ELECTRONICS 53 

A wide range of CD-ROMs for hobbyists, students and engineers 

READOUT John Becker addresses general points arising 64 

DIRECT BOOK SERVICE 67 

A wide range of technical books available by mail order, plus more CD-ROMs 

SUBSCRIBE TO EPE and save money 69 
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QUASAR 


Get Plugged In! 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU010) £18.95 
Leads: Parallel (_DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


USB/Serial connection. 
= Header cable for ICSP. 
Free Windows XP soft- 
2 = ware. See website for PICs 
al supported. ZIF Socket and 
See USB lead extra. 18Vdc. 
Kit Order Code: 3149KT - £39.95 
Assembled Order Code: AS3149 - 


£49.95 


USB PIC programmer for all 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF 
Socket and USB lead not incl. 
Assembled Order Code: AS3128 


- £44.95 
Assembled with ZIF socket Order Code: 
AS3128ZIF - £59.95 


Will program virtually all 8 
gee to 40 pin sefial-mode AND 
@ parallel-mode (PIC15C 
= family) PIC microcontrol- 
a =—© lers. Free Windows soft- 
ware. Blank chip auto detect for super fast 

bulk programming. Optional ZIF socket. 
Assembled Order Code: AS3117 - £24.95 
Assembled with ZIF socket Order Code: 
AS3117ZIF - £39.95 


Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
me the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £24.95 
Assembled Order Code: AS3123 


- £34.95 


Go from complete beginner 
to burning a PIC and writing owe 
code in no time! Includes 49 \ieesis 
page step-by-step PDF SF %, 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 
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The ABC Maxi is 
ideal for developing 
new designs. Open 
architecture built 
around an ATMEL 
AVR AT90S8535 
microcontroller. All circuits are embedded 
within the package and additional add-on 
expansion modules are available to assist 
you with project development. 


Features 

8 Kb of In-System Programmable Flash (1000 
write/erase cycles) e 512 bytes internal SRAM e 
512 bytes EEPROM e 8 analogue inputs (range 0- 
SV) e 4 Opto-isolated Inputs (I/Os are bi- 
directional with internal pull-up resistors) e Output 
buffers can sink 20mA current (direct LED drive) e 
4x 12A open drain MOSFET outputs e RS485 
network connector e 2-16 LCD Connector e 
3.5mm Speaker Phone Jack e Supply: 9-12Vdc 


The ABC Maxi STARTER PACK includes 
one assembled Maxi Board, parallel and 
serial cables, and Windows software CD- 
ROM featuring an Assembler, BASIC com- 
piler and in-system programmer. 

Order Code ABCMAXISP - £89.95 

The ABC Maxi boards only can also be 
purchased separately at £69.95 each. 


Controllers & Loggers 


Here are just a few of the controller and 


data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £8.95 


State-of-the-Art. High secu- 
rity. 4 channels. Momentary ¥ 
or latching relay output. : 
Range up to 40m. Up to 15 
Tx’s can be learnt by one Rx 
(kit includes one Tx but more 
available separately). 4 indicator LED ’s. 
Rx: PCB 77x85mm, 12Vdc/6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KT - £44.95 
Assembled Order Code: AS3180 - £54.95 


Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range of tree software applications for stor- 
ing/using data. PCB just 45x45mm. Pow- 
ered by PC. Includes one DS1820 sensor. 
Kit Order Code: 3145KT - £17.95 
Assembled Order Code: AS3145 - £24.95 
Additional DS1820 Sensors - £3.95 each 


ecient 


VISA 
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Call your phone num- 
ber using a DIMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- a 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £54.95 

Assembled Order Code: AS3140 - £69.95 


Computer controlled 8 

channel relay board. 5A 
mains rated relay outputs Ae oooh 
and 4 opto-isolated digital ae 
inputs (for monitoring % 

switch states, etc). Useful 
in a variety of control and sensing applica- 
tions. Programmed via serial port (use our 
new Windows interface, terminal emulator or 
batch files). Serial cable can be up to 35m 
long. Includes plastic case 130x100x30mm. 
Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS3108 - £64.95 


Control 12 onboard relays with 

i included infrared remote con- 

gees, trol unit. Toggle or momentary. 

me 15m+ range. 112 x 122mm. 
Se” —s Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £47.95 

Assembled Order Code: AS3142 - £59.95 


Detect DTMF tones from 
tape recorders, receivers, 

\ two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 eae display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm. 
Kit Order Code: 3153KT - £24.95 
Assembled Order Code: AS3153 


- £34.95 


Stores over 2,500 x 11 
digit DTMF numbers with 
time and date. Records al 
buttons pressed during a 
call. No need for any con- 
nection to computer during operation but 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445). 

Kit Order Code: 3164KT - £54.95 

Assembled Order Code: AS3164 - £69.95 


Hot New Products! 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


Embedded Engineer's Development Tool 
At last the develop- pamerayae: 
ment tool kit for se Sez, 
Atmel 89S & AVR as ie 
devices that engi- Y i 
dreamed of has _ ¥ 
arrived. The kit * e 9 
includes a Built-in ISP Programmer, Target 
Section, Interfacing Board, Cables, eBook 
nation and CD all in one neat package. De- 
vices covered include 89S51, 89S52, 
89S$8253, mega8515, mega8535, megas, 
mega16 & mega3z2. 
Designed for working professionals, students 
and product development companies 
You can connect any device like LCD, 7- 
Segment, Sensors, Switches to any desired 
No dedicated connections between microcon- 
troller and the interfacing sections. You can 
connect anything, anywhere 
e-Learning Tutorial and Book are included 
never feel the need to attend any trainings 
because it is simple to use and all concepts 
are explained in simple language using the 
tutorial and book 
mega16, ATmega3z2 In-circuit Programmer - 
no need to buy a separate programmer! 
No ZIF Sockets. No hassle inserting and 
removing microcontroller to program 
time as you do not need to move microcon- 
troller 
Contents 
e Incircuit programmer for 89S and AVR 

89$51/52 target section 

ATmegaé Target section 

ATmega16/32 Target section 

Switches 

LEDs 

7 Segment Displays 

16 X 2 LCD 

ADC 

RS232 

EEPROM 

Cables 

Connectors 

e-Learning Software 
e-Datasheets 
HandyProg Programming software 
IDEs for code writing 


(Atmel 89S & AVR) 
neers have 
with codes, e-Learning Software with expla- 
Features 
port of the microcontroller 
Once you start using the kit, you will should 
Includes 89$51, 89S52, ATmegaé, AT- 
In-circuit programming reduces development 
series (Supports up to Atmega128) 
Relays 
Motor Driver 
Serial Port Lead 
Application source code 


Assembled Order Code: EEDT - £89.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Motor Speed Controllers 


Here are just a few of our controller and 


driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Sunn 9-15Vdc. Box supplied. 
Dimensions (mm): 6OWx100Lx60H. 

Kit Order Code: 3067KT - £13.95 

Assembled Order Code: AS3067 - £21.95 


PC / Standalone Unipolar 
Stepper Motor Driver . 
Drives any 5, 6 or 8-lead 
unipolar stepper motor 
rated upto6 Amps max. faa 
Provides speed and direc- S=Ee 

tion control. Operates in stand- dai or PC- 
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 31 79KT - £12.95 

Assembled Order Code: AS3179 - £19.95 


Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper emia 
motor using externally sup- 
plied SV levels for stepping —z=™ 
and direction control. These faame 
usually come from software fg 
running on a computer. | 
Supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £17.95 
Assembled Order Code: AS3158 - £27.95 


Bidirectional DC Motor Controller 
Controls the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £17.95 
Assembled Order Code: AS3166v2 - £27.95 


AC Motor Speed Controller (700W) 
Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or single 
phase 230V AC motor 
rated up to 700 Watts. 
Simply turn the potentiometer to adjust the 
motors RPM. PCB: 48x65mm. Not suitable 
for use with brushless AC motors. 

Kit Order Code: 1074KT - £12.95 
Assembled Order Code: AS1074—£18.95 
Box Order Code 2074BX - £5.95 


Credit 
Card 
Sales 
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electronics 


Get Plugged In! 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
900 projects. You get 3 
comprehensive course See: 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £149.95 

Also available - 30-in-1 £16.95, 130-in-1 
£39.95 & 300-in-1 £59.95 (details on website) 


Tools & Test Equipment 
We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Professional Digital Multitester (9 Func- 
tion inc Temperature) 

High quality DMM offering 31 ranges and 9 
functions (see table below 
for full details) and adjust- 
able LCD screen for easy 
viewing. 

Supplied with shrouded 
test leads, K type tem- 
perature probe, shock-proof rubber holster, 
built-in probe holder & stand. 


Large 36mm digit adjustable LCD display 
Auto power OFF « Data hold * Automatic 
polanty indication * Low battery indication 
Audible continuity test + Transistor hFE and 
diode test 


Technical Specifications 

DC voltage: 200mV-1000V * AC voltage: 2V-750V ° 
DC current: 20mA-10A * AC current: 20mA-10A ° 
Resistance: 2000-200MO * Capacitance: 2nF-20uF 
¢ Temperature: O - 1000°C * Max display: 1999 


Order Code: DMM225 - Was £31.95 
Now on sale at just £21.95! 


See website for more super deals! 


Short Circuits is a learning system that was developed 
by Jaycar to introduce young readers to the exciting 
world of electronics. The system is implemented across 
a series of three books and takes the reader from novice 
to experienced constructor. Volume one even includes 
the parts required to construct all the projects described 
in the book. 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the 
acclaimed Silicon Chip Magazine Australia. These projects are ‘bullet proof' and already tested 
down under. All Jaycar kits are supplied with specified board components, quality fibreglass 
tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


Tempmaster Kit PC Link for Automatic Control 

KC-5413 £11.75 + post & packing KV-3590 £18.95 + post & packing Short Circuits Book | Including Parts 
This project turns a regular fridge or freezer into a wine Automate your house, switch on garden lighting, turn on BJ-8502 £11.95 t& ki 

cooler by accurately controlling the temperature between sprinklers or even control your household heating with a ete : 

2.5 - 33° making it suitable for wine storage. Kit supplied this terrific kit. Each SPDT relay can handle 10 amps and UAE ee pave SAUSUEE ig! Tee Cen UES el, 
with PCB , panel mount Aussie mains socket, mains lead, has an LED to show whether it is on or off. Software is SEETETIES ine RIDE CIs are UO OU Na anu cevane ly 
machined case with screen printed lid and all electronic provided on a 3.5 disk. Kit includes PCB, relays, software, cereals i Sears 


millennium. Included 
with the book, you get 
the baseboard, plenty 
of spring terminals 
and ALL the 
components required 
to build every project 
in the book, 
INCLUDING the bonus 
projects. Book 
measures 205mm x 


components. and all electronic components. 8 - 12V DC power required. 
Requires UK mains , 


socket or 

PP-4019 i 

adaptor @ £2.25 = ~ De a | 
Aste ies 


45 Second Voice Recorder Module | Digital Multimeter Kit 


KC-5454 £11.75 + post & packing KG-9250 £6.00 + post & packing 975mm 

This improved version can now be set up easily to record Learn everything there is a : »/ 

two, four or eight different messages for random-access to know about x i 

playback or a single message for ‘tape mode’ playback. component 

Also, it now provides cleaner and glitch-free line-level recognition Short Circuits Book - Volume I 


BJ-8504 £4.00 + post & packing 
Once you have the basic skills and knowledge from 
tackling Short Circuits Vol 1, you can now have some real 


audio output suitable for feeding an amplifier or PAsystem. | and basic 
It can be powered from any electronics 
source of 9 - 14V DC. with this 


Ly 


saa with comprehensive Kit. fun! With this book (and associated project packs 
silk screened From test leads to solder, available separately) you can make such things as; a mini 
and solder everything you need for 


strobe light, police 
siren, mini organ, a 
couple of powerful 
radio transmitters, an 
FM radio - even a 
‘Knight Rider’ scanner!! 
All components are 
fully described and 
explained, along with 
tutorials on soldering 
iron and multimeter 
use. All projects are 


masked PCB 
and all electronic 
components. 


the construction of this 
meter is included. All you'll need is a soldering iron! 
e Meter dimensions: 67(W) x 123(H) x 25(D)mm 


Screecher Car Alarm MKIl Engine Immobiliser MK Il 

KA-1813 £9.95 + post & packing KC-5255 £9.75 + post & packing 

The Screecher MK II is very effective and produces an This immobiliser repeatedly stalls the engine when a thief 
ear-piercing scream that will scare the pants off any tries to start your car. The circuit allows the engine to start, 
would be thief. This project is easy to construct and but will stall after about two seconds, giving the thief the 
features entry delay with a soft warning impression that there is 

tone, exit delay and high intensity 5 an intermittent 


deterrent LED. Kit includes PCB, problem. Kit safe and battery 
siren, all supplied with powered. 

electronic PCB, plastic Softcover - full colour 
components enclosure and 205 x 275mm. 

and two all specified 


adhesive warning 
stickers. 


electronic components.. 


Short Circuits Volume III 

BJ-8505 £7.99 + post & packing 

This is the definitive electronics training manual and 
presents more than 30 individual printed circuit board- 
based construction 
projects. Each project 
contains a full 
technical description, 
with experimental 
changes to each circuit 
also explained. This 
book will give you the 
knowledge and skill 
that will elevate you 
into a fully fledged 
constructor! Softcover 
- full colour 128 pages. 
205 x 275mm. 


Automotive Headlight Reminder Kit | Fog Horn 

KC-5317 £7.75 + post & packing KG-9092 £3.85 + post & packing 
Nothing is more frustrating than getting into your car to This kit generates a deep sounding noise 
discover that you had left your headlights on and the car’s similar to fog horns on ships. Use 
battery is flat. This kit will warn you if the lights are stillon | as a unique warning siren or to 
when the ignition has improve a child’s toy. Operating 
been switched off. voltage is 4.5 - 12V DC. 
Features optional door | Output power up to 5 watts 
switch detection, depending on the input 
time-out alarm and a voltage used. Requires 
short delay before the an 8ohm speaker. 

alarm sounds. 
Supplied with PCB and 
electronic components. 


Great Kits for 
Electronics 


Enthusiasts 


Top Selling Kits 


DC Relay Switch 

KC-5434 £4.50 + post & packing 

An extremely useful and versatile kit that enables you 
to use a tiny trigger current - as low as 
400A at 12V to switch up to 30A at og 
50V DC. It has an isolated input, and | 
is suitable for a variety of 
triggering options. The kit 
includes PCB with 
overlay and all 
electronic 
components with 
clear English instructions. 


Battery Zapper MKIl 
KC-5427 £29.00 + post & packing 


This kit attacks a common cause of failure in wet lead acid 
cell batteries: sulphation. The circuit produces short bursts 


of high level energy to reverse the damaging sulphation 
effect. This new improved unit features a battery health 
checker with LED indicator, new circuit protection against 
badly sulphated batteries, test points for a DMM and 
connection for a battery 
charger. Kit includes case 
with screen printed lid, 
PCB with overlay, all © 
electronic | 
components and 
clear English 
instructions. 
Suitable for 6, 12 
and 24V batteries 
e Powered by the 
battery itself a Pr 


| KC-5419 £27.75 + post & packing 

A high energy 0.9ms spark burns fuel faster and 
more efficiently to give you more power! This 
versatile kit can be connected to conventional 
points, twin points or reluctor ignition systems. 
Kit supplied with diecast case, PCB and all 
electronic components. 


Build-Yourself 
Electronic Project Kits 


Looking for a particular KIT? 


Checkout Jaycar’s extensive range. 

We have kits and electronic projects for use in: 
e Audio & Video 
e Car & Automotive 
e Computer 
e Learning & Educational 
e Lighting 
e Power = 
e Test & Meters 22 
e General Electronics Projects 

- just for fun! 


www.jaycarelectronics.co.uk 


Pr Ee i 


Universal High Energy Ignition Kit 


Note: Products are despatched from Australia, so local 
. customs duty and taxes may apply. 


Se - 


www.jaycarelectronics.co.uk/catalogue 


Two-Way SPDIF/Toslink Digital 


Audio Converter Kit 
KC-5425 £7.25 + post and packing 

This kit converts coaxial digital audio signals into optical 
or vice-versa. Use this bit stream converter in situations 
where one piece of equipment has an optical audio input 
and the other a coaxial digital output. Kit includes Toslink 
optical modules, PCB with : 
overlay, case with screen printed 
lid, all electronic components 
and clear English instructions. 


Requires 9-12V DC wall adaptor 
(Maplin #UG01B £13.99) 


IR Romote Control Extender MKII 
KC-5432 £7.25 + post & packing 

Operate your DVD player or digital decoder using its 
remote control from another room. It picks up the signal 
from the remote control and sends it via a 2-wire cable to 
an infrared LED located close to the device. This improved 
model features fast data transfer, capable of transmitting 
Foxtel digital remote control signals using the Pace 400 
series decoder. Kit supplied with case, screen printed front 
panel, PCB with overlay and all electronic components. 


a 


al | Requires 9V DC wall adaptor = 


(Maplin #GS74R £10.99) 


-_ 


Order Value Cost Order Value Cost 
£10 - £49.99 £5 £200 - £499.99 £30 
£50 - £99.99 £10 £500+ £40 


£100 - £199.99 £20 
Max weight 12lb (5kg). Heavier parcels POA. 
Minimum order £10. 


How to order: 
Phone: Call Australian Eastern Standard Time Mon-Fri 
on 0800 032 7241 

Email: techstore@jaycarelectronics.co.uk 

Post: PO BOX 6424, Silverwater NSW 1811. Australia 
Expect 10-14 days for air parcel delivery 


(Monday - Friday 09.00 to 17.30 GMT + 10 hours only) 
For those who want to write: 100 Silverwater Rd 
Silverwater NSW 2128 Sydney AUSTRALIA 

hie 
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Step Drill Bits 

TD-2436 £6.50 + post and packing 

TD-2438 £9.50 + post and packing 

Drill multiple size holes with the one bit. Ideal for plastics 
and soft metals such as aluminium or copper sheeting up 
to 4mm thick. Made from high speed steel. 

Two sizes available: 

4-12mm in 1mm steps - TD-2436 

12 - 20mm in 1mm steps - TD-2438 


File Saw 
TH-2127 £3.95 + post and packing 

Perfect for cutting odd shaped holes in plastic pipes, 
plywood or other soft materials. 
It's not pretty, but it does the job. 


Budget 6" (150mm) Digital 
Vernier Calipers 


TD-2081 £5.75 + post and packing 


This carbon composite digital caliper is ideal for use 
where the cost of our precision stainless steel tool is not 
justified. The digital display is calibrated in imperial and 
metric units and a corresponding vernier scale is etched 
onto the caliper slide. Excellent value for money and 
tradesman tough. 


6 in 1 Foldable Keyring Tool 
TH-1904 £1.50 + post and packing 

This handy tool is a wire cutter, standard 
pliers, crimping tool, wrench, and a 
Phillips and slotted screwdriver all 
in one! Folded up, it measures just 
48 x 30mm. ) 
Lightweight and 
compact. A perfect 
companion to your 
keyring. 


Electronics 


| PCB Production - Development 
0.1” Copper Stripb 
5 Tracks/Holes 
VALUE 2S 


3917 199H 
46T / 179H 
Stripboard track cutter 


Solderless Breadboard 
Tie Points & Size peered 


175 x42mm0 | 
Many other sizes available, b 
also jump wires & matrix board.# 


PCB Production - Proring Materials 
A4 Artwork Film (per 10 sheets) 
Clear Manual Film £120 
Clear Laser Film __ Els5 
White HQ Laser Film £4.62 

| Etch Resist Pens 
“Dalo” Pen £3.30 
“Stgedtler’ Fine Pen, £0.96 
Etch Resist Transfers 
Seno mixed DIL pads £2.24 
Seno mixed Rnd pads £2.24 
Alfac mixed pads £1.84 
Transfer Spatular £125 


“ol 


We carry the full range of Seno & Alfac PCB transfers, 
see our catalogue for full details. 


Soldering Irons . 
We carry In stock a wide range of soldering iron and 
solgenp accessories. oa from 12 to 100 Watts. 


25W 240V Ceramic £7.14 
30W 240V Basic £4.68 


| Desolder Pumps 

| Basic 165 x 18mm@B£2.85 

H Antistatic 195mm £3.92 

! Antex Mini 198mm £6.02 
Antex Pro 210mm _ = £10.26 


Solderin 
A 48W a 
solderin 


| Soldering Station 

A 48W adjustable temperature 
soldering station with a rotary di- 
al, aug) Le mperonne Indication, 
on-off switch, iron holder and tip 
cleaning sponge. This station fea- 
tures accurate heat sensing for 
instant compensation & stable 
temperatures. ealpsao le tem- 
er range ot 150 - 480°C, © 
ow voltage Iron with Silicone & 


cable. 
Supply: 240V, Iron: 24V 48W 
Model 167-570 £55.61 


Digital Multimeter 
Model: 121-120 

Price: £11.47 

A highly featured digital 
multitester for professional 
use. Offers 30 ranges and 8 
functions including temper- 
ature, capacitance, diode, 
continuity and hFE measure- 
ment. Large 3.5 digit LCD 
display with automatic po- 
larity Indicator. pup pied 
with shrouded test leads, K 
type temperature probe and 
shock proof rubber holster. 


Technical pecccations 
ae voltage OOmV - 1000V 


6 (8) 
AC volts 2V - 7OOV (0.8%) 
DC current 2mA - 20A (+1.2%) 
AC current 200mA - 20A 


5 ‘0 
esistance 200 Ohms - 20M 
Ohms (40.8%) 
Capacitance 2000pF - pee ead 
Temperature 0°C - 1000°C (+1.5%) 
Bicanelicy 20kHz (+1%) 
Max display 1999 
Power supply 9V (PP3 battery) 
| Dimensions 88 x 173 x 40 mm 


Ay 
Dil A friend for life. 


PCB Production - Processing Equipment 

We carry a large range of the photographic & chemical 
rocessing equipment for PCB production, a full list with 
ull technical specifications is available in our catalogue 

or vist our web site, 

UV Exposure units 

2 x 8W Tubes, 6 min timer 

229 x 159mm working area 

Model 332-002 98.75 

4 x 15W Tubes, 7% min timer 

330 x 260mm working area 

Model 332-004 £209.48 

Chemical Processing 

Low cost plastic tray a0, 

Process tanks feature electrically 

operated pumps and/or heaters 

with thermostat control, suitable 

for boards upto 320 x 260mm. 

Universal Tank with heater 

Model 333-007 fel 

Bubble etch Tank with heater 


& bubble pump. 
Model 333-004 £208.48 
PCB Production - Tools 


Drill Bits a 
HSS parallel shank bits available in sizes from 0.3mm to 


.Omm 
0.3-0.95mm in 0.05mm steps £0.60ea £4.00/10 
1.0-2.0mm in 0.1mm steps £0.40ea £3.60/10 


HSS Reduced shank (2.35mm) bit available in sizes from 
0.6mm to 1.7mm in 0.1mm steps £0.84ea £7.60/10 


Any of these items, carriage £5.50 


Reground Tungsten carbide reduced shank available in 
sizes from 0.6 to 1.6mm in 0.1mm steps 90 


Drilling Machines 
Expo Reliant 12V drill, 3.8mm capacity, 8400rem £12.78 
Expo Zircon 12V drill, 3.8mm capacity, 11900rpm £14.20 


Minicraft MX1 230V, 8000 - 21000rpm with 
chuck & collet. Model EPE270-390 
Normal price £48.51 


SPECIAL PRICE G | 
£31.02 
Servisol Products 


Aerosols 
Switch Cleaner 


200m! Freezer 

400m!| Foam Cleanser 
400ml! Cleaner / lubricant 
75ml| = Vide Head Cleaner 
200m! Aero Klene 

200m! Aero Duster 

250m! Cold Clean 

200m! Label remover 
400m! _lsopropy! alcohol 


Heatsink Compound 
Heatsink Compound 
Silicone grease 


Bench Power Supplies 
A range of single output equated bench power sup- 
anes with variable voltage & current limiting. Features: 
hort circuit and “Foldback” overload protection, Metal 
case with on/off switch, outputs via Red, Black & Green 
(Earth) 4mm shrouded sackets. 


0-30V0-3A 


Model: 461-550 £70 
Model: 461-552 0-50V 0-3A £81 
Model: 461-554 O-30V 0-104 £13 


All meters £5.89 each 
6V Lamps £1.23 /pair 
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Magnifying Desk Lamp 

A high quality scratch resistant 
magnifying glass fitted to a bal- 
anced swivel arm and desk 
mount. An integral flourescent 
tube provides Illumination. 
Magnitication: 3x Lens: 120mm@ 
Tube: 22W Daylight simulation. 


Model: 028-205 £28.80 


y 


ale 
e Electren & Lighti 


n 
equipment for the Entertainment Tichy 


Tel: 0191 2514363 


Station Road © GD 


Cullercoats a. 
Tyne & Wear ro 3 


NE3ZO 4PQ 222 


PCB Production - Laminates 

Copper clad - paper 

Single sided low cost paper composite board 
100 £0.54 


d 
Copper clad - glass fibre 
Single & Double 1.6mm 305g/m? 
100 x 160mm Sing! £1.06 


x 
8” x 12” Dauble 

Photoresist Coated 

1.6mm 35 micron Pre-coated with a high quality photo- 
resist layer. Available in low cost paper composite or 
Glass fibre, Single & Double sided. Other sizes also 


available. 
Glass Fibre 
le Double 


220 x 100mm 
233 x 160mm 
233 x 220mm 


Aerosol Photoresist spray, covers 2m? 
Powder developer, makes 1 It 
Powder developer, makes 10It 

Ferric Chloride Pellets, makes 500m!| 
Ferric Chloride Pellets, makes 1It 
Ferric Chloride Pellets, makes 5lt 
Clear Fine etch crystals, makes 5lt 
Tin Plating Powder, makes 1It 
Aerosol Flux spray 

Aerosol PCB Laquer spray 


Tools - Cutters & Strippers 
We carry a wide range of specialist tools for the elec- 
tronics industry including: 
Side Cutters 

130mm _ Low cost 

115mm Draper 

115mm Box Jointed 

145mm Long reach 

Wire Strippers 

130mm Low cost 

150mm Draper 5mm@ £5.86 


5) 
RJ11/12 & 45 Series 
CK® Tools Crimp Pl 
Green/Red/Blue 
Red/Blue/Yellow 
0.24-2.5mm7? crimps 
0.5-6.0mm7? crimps 
Non insulated crimps 


7/0.127mm Grey ribbon cable on a 0.05” 1.27mm pice 
with a red identifying stripe. Supplied by 305mm (1ft) or 
on full 30.5m (100ft) reels. 

Size per 305mm el Reel 

10 Way £0.1 5.80 
14 Way 

16 Way 

20 Way 


y £33.92 
IDC Crimp tool £10.60 


CAT 5e Networking 

UTP Cable 

Conforms to CAT5E 

1OOMHz standard 

ETA verified TIA/EIA 568-B.2 


305m Box £45.31 
100m Reel £22.28 
exc carriage. 


RJ45 Outlet Kit 
Backing Box 

2 Gang Plate 

RJ45 Module 

Blank Module 
Coloured id inserts. 
£2.99ea £2.42 (10+) 


Tools 

Plastic punch down tool 
& cable stripper 
Professional punch down 
IDC & trim tool 


Outlets 

CAT5e Outlet Module 
1Gang Plate (2 Mods) 
2 Gang Plate (4 Mods) 
Y% Module Blank 

1 Module Blank 

2 Module Blank 


£0.45 
Other keystone outlets, switches & accessories avail- 
able. Patch & Cross-over leads from £0.50 


Prices Exclude Vat @17%%. 

UK Carriage £2.50 (less than 1kg) 
£5.50 greater than 1kg or >£30 
Cheques / Postal orders payable to 
ESR Electronic Components. 
PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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Phone: (01202) 873872. Fax: (01202) 874562. 


Email: enquiries @ epemag.wimborne.co.uk 
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EPE Online downloadable version of EPE): www.epemag.com 
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EPE Online Shop: www.epemag.wimborne.co.uk/shopdoor.htm 
See notes on Readers’ Technical Enquiries below — we regret 


technical enquiries cannot be answered over the telephone. 


Advertisement Offices 
EVERYDAY PRACTICAL ELECTRONICS ADVERTISEMENTS 


VOL. 38 No. 2 FEBRUARY 2008 


Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU 
Phone: 01202 873872 Fax: 01202 874562 


Email: stewart.kearn @ wimborne.co.uk 


The pace of technology 


Last month’s News item on Nokia phones shows just how far technology has come from 
humble beginnings at the start of the last century. A phone that takes a photo when a text mes- 
sage is sent to it, then uploads the photo to a website; or a phone that uses optical character 
recognition to translate images it takes of text; or even one that sends you to relevant websites 
when it takes a photo of a product; or gives you a plan of a shopping mall; or works as a 
credit card. Some of these will be available very soon. 

Back in the early 40s, when war was raging, the push for developments in electronics was 
massive and the first ever electronic programmable computer was born to quickly crack the 
encrypted codes the Germans were using. Although the world-at-large knew nothing of 
Colossus until at least 30 years later, it was instrumental in shortening the war and was right 
at the cutting edge of technology at the time — even though the valves used were not consid- 
ered by most engineers of the time to be very reliable. 

Colossus was so fast that it is only very recently that modern computers have been able to 
beat it in translating the encrypted code — our feature on Colossus And Pico this month shows 
how a Pico PC-based scope is being used with Colossus to demonstrate the operation of the 
codebreaker to the visiting public; a modern PC to show how the first computer worked. 

I guess none of the highly inventive engineers who designed Colossus would ever have 
dreamed how far the digital technology employed would develop and allow such products as 
Nokia’s phones just 60 odd years later. 


New Editor 


After exactly 30 years as Editor, and nearly 40 years working for the magazine, I am 
moving towards retirement and passing the editorial baton into the safe hands of Matt 
Pulzer. Matt has worked for the company on a freelance basis for many years, originally 
as Editor of The Modern Electronics Manual, more recently he has been responsible for 
many of the technical diagrams in EPE and for proof-reading all the pages. 

While I will continue working as Publisher (on a part-time basis), Matt will be 
responsible for the editorial content of EPE. My thanks to all the contributors, advertisers 
and readers who have supported EPE over the years — long may it continue. 
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AVAILABILITY 

Copies of EPE are available on subscription 
anywhere in the world (See opposite) and from 
all UK newsagents (distributed by SEYMOUR). 
EPE can also be purchased from retail magazine 
outlets around the world. An Internet online ver- 
sion can be purchased and downloaded for just 
$18.99US (approx £9.50) per year, available 
from www.epemag.com 


ERLEER PRACTICAL 
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SUBSCRIPTIONS 

Subscriptions for delivery direct to any address in the 
UK: 6 months £19.95, 12 months £37.90, two years 
£70.50; Overseas: 6 months £23.00 standard air ser- 
vice or £32.00 express airmail, 12 months £44.00 stan- 
dard air service or £62.00 express airmail, 24 months 
£83.00 standard air service or £119.00 express airmail. 
To subscribe from the USA or Canada call Express 
Mag toll free on 1877-363-1310 

Online subscriptions, for downloading the magazine via 
the Internet, $18.99US (approx £9.50) for one year 
available from www.epemag.com. 

Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. Dept., 
Wimborne Publishing Ltd. Sequoia House, 398a Ringwood 
Road, Ferndown, Dorset BH22 9AU. Tel: 01202 873872. Fax: 
01202 874562. Email: subs @epemag.wimborne.co.uk. Also 
via the Web at: http:/\www.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Maestro or Visa. (For past issues see the Back 
Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
PVC, printed with the magazine logo in gold on the 
spine. Price £7.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days, but please allow 28 days for 
delivery — more for overseas. 


Payment in £ sterling only please. Visa, Maestro and 
MasterCard accepted. Send, fax or phone your card 
number, card expiry date and card security code (the 
last 3 digits on or just under the signature strip), with 
your name, address etc. Or order on our secure server 
via our UK web site. Overseas customers — your cred- 
it card will be charged by the card provider in your 
local currency at the existing exchange rate. 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ée self- 
addressed envelope and international reply 
coupons. We are not able to answer techni- 
cal queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is reli- 
able. We cannot, however, guarantee it and we 
cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You 
should not build, test, modify or renovate 
any item of mains-powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any pro- 
ject in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its publishers cannot give any undertak- 
ings in respect of statements or claims made 
by advertisers, whether these advertisements 
are printed as part of the magazine, or in 
inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment, as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 


A roundup of the latest 
Everyday News from the world 


New Musical Instrument 


Barry Fox reports on novel music creation with lights 


AMAHA is test launching a com- 

pletely new kind of electronic musi- 
cal instrument in the UK, “because the 
DJ dance music club scene is so popu- 
lar in Britain’. 

The Tenori-on was designed by 
Toshio Iwai, who describes himself as a 
‘media artist’ and is built by Yamaha in 
Japan. A 20cm flat square tablet has a 
matrix of 16 x 16 pushbuttons on the 
surface, each with its own white LED. 
The vertical buttons represent a music 
pitch scale, and the horizontal buttons 
represent timing between notes. 
Pushing buttons creates a rhythmic pat- 
tern of up to 16 musical notes, which 
the keyboard memorises as a loop and 
plays ad infinitum. 

A musician will know which buttons 
to press to compose a tune; non musi- 
cians can press buttons at random to 
build rhythmic patterns based on notes 


pre-programmed by Yamaha’s musical 
engineers. So the effect still sounds 
quite musical. 

Up to 16 different loops can be 
stored and played at the same time to 
‘paint’ a multilayer picture of repeti- 
tive, pulsating sound. Master control 
buttons shift the overall pitch of any 
loop in octaves and transpose the 
music to another key. 

The overall effect is similar to the 
electronic soundtrack for an alien- 
invader computer game. The constant 
loop repetition makes the sound 
strangely mesmerising. 

The buttons flash in time with the 
music to create a visual display which 
also appears on a matching set of LEDs 
on the underside of the keypad. So the 
instrument creates its own light show. 
Everything played can be stored in 
memory for replay later. 


At the London launch, designer Iwai 
admitted ‘I am not a musician’. His first 
computer experience was with the ill- 
fated MSX_ system, which was 
launched as Japan’s attempt at chal- 
lenging the first home computers from 
the USA, and quickly flopped. Iwai 
then progressed to playing mechanical 
music box recordings backwards and 
discovering that Happy Birthday played 
in reverse sounds ‘unhappy’. He then 
moved on to using Nintendo games to 
create music and visual effects. 

Yamaha is initially shipping just 50 
hand-built samples of Tenori-on to ten 
record stores in the UK, for sale at £600 
each. Yamaha expects DJs to buy them 
for use at clubs. Some may be sold to 
children with well-heeled parents who 
are brave enough to risk being driven to 
distraction by the sound of bedroom 
experimentation. 


EMAIL ALERTS 


Lascar have announced they can now offer environ- 
mental email alerts in realtime through their EL-USB- 
RT module. This is a USB-enabled temperature and 
humidity sensor designed to send email alerts of tem- 
perature or humidity readings that exceed acceptable 
conditions. 

The device is connected to a PC via its USB port 
and is supplied with dedicated software that provides 
a realtime indication of ambient temperatures 
between —10°C and +60°C, and a humidity between 0 
and 100% RH. These, together with a calculated dew 
point, can be viewed as either a constantly updated 
graph, or a numerical indication of the last reading 
taken. 

Users can assign high and low alarms for both tem- 
perature and humidity, and the software can be config- 
ured to send email alerts as these levels are exceeded. 

The EL-USB-RT costs £29.50 at one-off. For more 
information, browse www.lascar electronics.com or 


call the sales team on +44 (0)1794 884567. 


Barbed DVR Monitoring 


When digital video recorders and 
personal video recorders like TiVo 
first went on sale, pundits warned that 
they would kill off advertising rev- 
enue. With a hard disc recording, 
viewers can all too easily skip or fast 
forward through recorded commer- 
cial breaks. So companies will no 
longer pay high prices to advertise at 
peak times. 

NDS, the company which sells the 
Electronic Programme Guide and DVR 
control software used by DirecTV in 
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the US and Sky in the UK, claims that 
new audience measuring techniques 
show this is not the case. The electron- 
ics used by BARB, the Broadcasters 
Audience Research Board, was initially 
fooled when viewers watched a record- 
ed programme. The measuring system 
just registered that the viewer had 
accessed the EPG menu as a first step 
towards selecting and viewing a record- 
ing. So BARB was logging an hour of 
EPG viewing instead of an hour of 
watching a recorded programme. 

Now, according to David Whittaker 
of NDS, in a speech given to the 


2007 European TV Symposium in 
Barcelona in early November, BARB 
can track the programmes recorded 
and viewed. Based on these figures 
Whittaker concludes that 12.2% of 
what viewers watch is now time 
shifted, which gives an extra 20 min- 
utes of viewing per day, with ‘overall 
viewing of commercials’ increased 
by 1% or 2%. 

BARB’s monitoring can also distin- 
guish between fast forward advert skip- 
ping and normal speed viewing, he 
assures. 

Barry Fox 
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MEGHNOS F L K MARK NELSON 


Tales of Putrefaction 


With global attention still focussed on the energy crisis, we return to the theme of alternative 
energy sources. This time, the emphasis is on some creative means of electricity generation from 
natural waste products. Join Mark Nelson for a pretty wee-volting journey of discovery. 


‘Money for nothing and your chicks 
for free’ is one of my favourite song 
lyrics and let’s face it, anything you can 
purloin for nothing has to be a good deal. 
So what’s free and can it make electrici- 
ty? Try compost, sewage, waste food and 
chicken droppings for starters. 


Taking the ****? 


If you think I’m taking the micky, just 
do a Google search for the word NoPoPo. 
NoPoPo stands for no-pollution power 
and the NoPoPo Aqua battery is a 
reusable AAA or AA-size cell that is 
activated with beer, apple juice or human 
urine. You use a pipette to fill it and it 
gives you 500mAH of power (on a par 
with standard supermarket or corner shop 
dry cells). Any drawbacks? 

Yes — they can be recharged only a 
limited number of times and right now 
they are available only in Japan. On the 
other hand, they are claimed to be less 
harmful for the environment than exist- 
ing batteries as they contain no noxious 
mercury or cadmium to pollute water 
supplies after disposal. 

Oh yes, is ‘taking the micky’ a jibe at 
the Irish? Not at all; it’s just a more 
polite way of discussing micturation 
(which I’ll leave you to check out in the 
dictionary). 


Fowl power 

If you’re looking for greater power 
output, then speak to the University of 
Manchester, whose researchers are aim- 
ing to produce 200 kilowatts of electrici- 
ty from chicken droppings. They reckon 
the average chicken farm will generate 
more power than it can use itself by dis- 
posing of chicken litter in a gasifier that 
converts biomass into combustible gas 
that is fed into a gas turbine. The Carbon 
Trust and gasification technology com- 
pany Keld Energy are supporting this 
research, which promises anticipated 
power efficiency a third higher than 
existing techniques at 30 per cent. 

Other waste-to-watts projects are 
based on anaerobic digesters, which 
make biogas by breaking down (com- 
posting) food waste, sewage, cardboard 
and other substances in an oxygen-free 
environment. The gas produced is used to 
generate electricity and small self-con- 
tained plants are fully economic. 

In Denmark, farm cooperatives supply 
electricity made in this way to surround- 
ing villages, while in New Zealand use of 
the technique goes back to the 1970s. In 
Ireland, Celtic Composting Systems Ltd 
is one of the leaders in its field, but sev- 
eral others are jumping on this bandwag- 


on now. And with large retailers like 
Marks & Spencer exploring this technol- 
ogy as part of its commitment to halve 
food waste and use 50 per cent renewable 
energy by 2012, there’s no doubt that 
electricity from biomass will soon be 
mainstream. If our annual 5.5 million 
tonnes of food waste went to anaerobic 
digesters, the energy produced could pro- 
vide enough electricity to power 164,000 
homes, according to Friends Of The 
Earth. 


Eco-friendly 

Of course, electronics hobbyists knew 
all about recycling long before the Green 
movement took off. As a student back in 
the 1960s, my chums and I couldn’t 
afford the cost of new components for 
our ambitious projects so we frequented 
surplus shops for electronic junk that we 
could recycle. Maybe you too remember 
wielding a huge soldering iron to remove 
ICs from old computer boards, some- 
times also transistors and electrolytics as 
well, if they had leads long enough for 
re-use. 

Many towns had districts with ‘trea- 
sure trove’ shops like this; London had 
Lisle Street and the Edgware Road, 
Birmingham had Hurst Street and 
Manchester had Shude Hill and the 
London Road. There were also outdoor 
scrapyard places in Chelmsford, Cheslyn 
Hay, Haywards Heath and Milton (south 
of Banbury) where you could wrestle 
with seriously “heavy metal’ assemblies. 

Normally you paid for thus plunder by 
the lump, but a shop in Reading had a 
more inventive policy. The establishment 
went by the name of Chiltmead and was 
located in a backstreet off the London 
Road near a technical college as I recall. 
The way they priced electronic junk was 
by weight, on the basis that the heavier 
something was, the more ‘technical’ it 
must be. 

You clambered up stairs and sorted 
through all manner of assemblies housed 
in diecast boxes, rack shelves and cases, 
then hoiked them downstairs for weighing 
and payment. All around were notices 
threatening dire consequences to anyone 
smuggling in screwdrivers or any other 
tools, as there was an obvious temptation 
to break up the gear into subassemblies 
and leave behind the empty casings. 

Surplus shops like Chiltmead are now 
but a memory (unless you know other- 
wise) but stripping old components is 
coming back into fashion, at least in 
Japan. Hokuto System, reports trade 
newspaper Mobile News, is extracting the 
colour displays, processors and memory 


Everyday Practical Electronics, February 2008 


chips from discarded cellphones to build 
into retail point-of-sale units. The com- 
pany assembles these parts onto a new 
PCB of its own design and makes more 
creative use of the phones than the more 
basic methods of recycling. 


Tunnelling 

Let’s change the subject once more. 
When I first drew circuit diagrams, the 
norm was to draw semi-circular bridges 
(or tunnels, if you think about it) where 
one wire crossed another without touch- 
ing. These are frowned on now and 
they’ve always been taboo when laying 
out tracks on a PCB. With two excep- 
tions, that is. 

Back in 1980, the American hobby 
magazine Creative Computing had a 
hilarious spoof April Fools issue in 
which loops and tunnels were most defi- 
nitely allowed and employed in their 
construction projects. And now there’s a 
‘“microwire’ PCB process that enables not 
only wires but also semiconductors to be 
buried below the surface of the board. 
Hiding dies 

This is not simply the same thing as 
multi-layer boards because you need 
only one layer, explains Andreas 
Ostmann of the Technical University of 
Berlin. He is one of the players in HID- 
ING DIES, a clever acronym that stands 
for High Density Integration of Dies into 
Electronics Substrates, a research project 
funded by the European Commission. 

On the EC’s Cordis website he states: 
“Packaged chips, the things that look like 
black plastic beetles on a circuit board, 
are an obstacle to further miniaturisation 
of devices such as mobile phones and 
PDAs. Because the chips can be placed 
side by side inside the polymer of the 
board, the interconnects are much short- 
er and their radio frequency properties 
are greatly enhanced.” 

The microchips are around 50 microns 
thick, roughly the same width as a human 
hair, while the smallest module produced 
with the Hiding Dies technology is 
around 100 microns. That compares with 
the minimum of 500 microns for current 
chip packages. Their small size allows 
them to be stacked to pack more perfor- 
mance into devices without taking up 
more space, a form of 3D integration that 
is virtually impossible with packaged 
chips, while their close proximity to each 
other does away with long interconnects. 
Austrian PCB maker AT&S intends to 
offer PCBs with buried ICs in the next 
two years, and it’s an even bet that other 
firms will follow. 


Cellphones — Computers — Microwave 
Ovens — Flourescent Lighting — Electrical 
Power Lines all can produce an ‘Electro- 
smog’ or Electromagnetic Field (EMF) 


ELECTROSMOG) 
SNIFFER 


By Thomas Scarborough 


This easy-build project will give a meaningful reading of most EMFs 
you are likely to be exposed to in the home or workplace 


a great deal of attention in the 

press. This is more seriously 
known as EMF, or electromagnetic 
field(s) — not to be confused with elec- 
tromotive force. It has a great many 
sources, including computers, cell- 
phones, microwave ovens, fluorescent 
lighting, electrical power lines, and 
industrial plants. It may also cover 
a wide frequency range, from ELF 
(extremely low frequency) all the way 
up to microwaves (thousands of MHz) 
and even higher. 

The Electrosmog Sniffer described 
here will detect EMF from a few Hertz 
up to about 7MHz, and has the poten- 
tial to do so up to about 50MHz (see 
below). This means that while it is not 
as capable as some commercial units, 
it will be far more useful than a simple 
electrician’s milligauss meter. 


The debate 


With regard to the risks of exposure 
to EMFs, the author turned up some 
balmy findings in the published re- 
search: ‘cardiac arrhythmias in frogs 
... disturbed carbohydrate metabolism 
in rabbits ... altered genetic structure 
in E.coli ... premature ageing of pine 
needles ... increase in melatonin in 
cows ...’ and so on. If anything, such 
results are enough to make one sit up 
and pay attention. 


C B LECTROSMOG’ has received 
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The effects of EMF on human health, 
however, are much disputed. Whilea 
large number of studies have shown 
that small amounts of ‘electrosmog’ 
may increase the risks to one’s health, 
a good many studies have turned up no 
evidence at all. It depends, of course, 
what a given study was looking for, and 
how it was carried out —it is a puzzling 
situation nonetheless. 

Experts’ statements seem equally 
confusing. One claims: “It seems clear 
that EMF causes many kinds of adverse 
health conditions,” while another claims: 
“The current body of scientific evidence 
does not show that exposure to EMF 
presents a human health hazard.” 


Conjecture 


The author will take a few guesses 
as to how such a situation might have 
come about: 


1. The observed risk factors or ‘odds 
ratios’ (OR) are usually fairly small. 
An OR of one indicates that there 
is no evidence that there is a health 
risk, while an OR of less than three 
is generally considered ‘weak’. Most 
epidemiological studies relating to 
the risks of EMFs have turned up an 
OR of less than three. While some are 
convinced that this is a ‘non-chance’ 
situation, others would consider it to 
be altogether doubtful. 


2. A great deal depends, of course, 
on what one considers to be a risk 
to human health. Studies frequently 
focus on ‘epidemiological’ data — that 
is, clearly quantifiable health risks, 
such as brain tumours, leukaemia, or 
miscarriage. Others, however, would 
rather speak in terms of the extent to 
which ‘optimum wellness’ might be 
compromised — which sets the bar far 
higher. Yet this is a way of doing sci- 
ence which tends to be far more vague 
and debatable. 


3. Finally, while it would seem 
too easy to speak of vested interests, 
there seems little doubt that opinions 
on the potential hazards of EMF have 
fallen to either side of such interests. 
Here is a real example (source: www. 
mercola.com): 


“In a draft report issued 
in March 1990, the EPA [the 
U.S. Environmental Protection 
Agency] recommended that 
EMFs be classified as a Class B 
carcinogen —a probable human 
Carcinogen ... 

“After the EPA draft report 
was released, utility, military 
and computer lobbyists came 
down hard on the EPA. The 
EPA’s final revision did NOT 
classify EMFs as a Class B 
carcinogen.” 
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The reason the EPA gave for this 
retreat was that: “at this time ... the 
basic nature of the interaction between 
EMFs and biological processes leading 
to cancer is not understood”. That is, 
without understanding the biological 
mechanism, it could not safely make 
such aclaim. This would not seem to 
be too comforting a ‘retraction’. 

When all has been said, what is not 
in any doubt is that several govern- 
ments have decided to set the ‘safe’ 
limit of exposure at 1 or 2 milligauss 
(mG) — which represents a fairly small 
amount. In fact, one is quite likely to 
be exposed to much more than this 
during the course of a normal day. 
Here are some typical EMFs that one 
might encounter at about 30cm (1 foot) 
from a device. Note, however, that 
actual EMFs may vary a great deal 
from these figures: 


Microwave oven....120mG 
Fluorescent light... . 30mG 
Ceiling fan......... 25mG 
Colour TV......... 10mG 
Computer CRT...... 10mG 
Fridge ..........005. 7mG 


Of course, at typical ‘working dis- 
tances’, these figures are usually much 
less. At twice the distance, the mG 
reading would typically be about 4.5 
times less. Thus the microwave oven, 
at 60cm (2 feet) would likely register 
about 27mG. 


Concept 


The first and most obvious design 
problem that the author needed to 
consider was the extreme range of 
intensity of EMFs. The Electrosmog 
Sniffer should be able to detect the 
statutory 1 or 2mG — yet hundreds of 
mG may not be too unusual in places 
in the home or office. This seemed a 
range far too wide to be easily accom- 
modated in one device. The author 
therefore decided on a readout of 0 
to 10mG, with overload protection 
for higher readings. This range can, 
however, be multiplied or divided 
roughly by ten (see below). 

Another obvious design decision 
concerned the frequencies which 
the Sniffer would be able to detect. 
It was clear that the unit would first 
need to detect, then amplify the EMFs 
‘out there’. However, most pream- 
plifier ICs will not run faster than a 
few MHz. Further, with Third World 
readers in mind, the author did not 


Parts List — Electrosmog Sniier 


1 PC board, code 660, available 
from the EPE PCB Service, 
size 92mm x 31mm 
1mA moving coil meter 
(ME1 — see text) 
14-pin DIL socket 
8-pin DIL socket 
6mm x 25mm bolt with nut 
32mm diameter washers to fit 
6mm bolt 

100 metres of 0.315mm 
(30swg/22awg) enamelled 
copper wire (for L1) 

1 SPST push-to-make push- 
button switch ($1) 

1 9V or 12V battery pack 

1 battery clip 

Suitable case (see text); 

cable ties; 6 solder pins; connect- 

ing wire; solder etc 


want to choose obscure components. 
A CMOS unbuffered inverter seemed 
a good solution, offering up to 7MHz 
in practice — or even as high as 50MHz 
(see below). 

At first, the author chose the sec- 
ondary winding of a 230V to 6V 
step-down transformer for the sensor. 
This worked well, but it was clear 
that it would not serve the best inter- 
ests of a ‘repeatable’ design. Various 
transformers gave markedly 
different results. The author 
therefore decided on a simple 
custom-wound pick-up coil 
— called a ‘single axis coil’. 
More expensive milligauss 
meters will employ a triple 
axis coil, which measures the 
combined field strength along 
three axes — however, if the 
Electrosmog Sniffer is turned 
through all three axes (see Fig. 
1), the highest reading will 
give a good indication of EMF 
strength. 
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Semiconductors 

4 1N4148 signal diodes (D1-D4) 

1 4069UB CMOS hex inverter 
(IC 1) 

1 LM74ICN op amp (IC2) 

1 LM7805 positive voltage 
regulator (IC3) 


Capacitors 

1 10nF polyester or ceramic (C1) 
1 1nF polyester or ceramic (C2) 
1 100uF 16V radial elect. (C3) 


Resistors (0.25W 5% carbon film) 
1 220kQ (R1) 
1 10MQ (R2) 
1 470Q (R3) 


Potentiometers 
1 50k2 multiturn preset (VR1) 


1 1k multiturn preset (VR2) 


Big question 


The last big question was what to 
use for the readout. A moving coil 
meter seemed to be the simplest and 
most ‘user-friendly’ option — thus the 
Sniffer was designed specifically for 
use with a 1mA meter. However, such 
meters can be pricey, so details are 
given as to how a VU meter may be 
pressed into service, or a multimeter, 
or even a humble LED. 


Fig.1. Demonstrating 
the three axes of the 
‘sniffer’ 


im 
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(SEE TEXT) 


ICib 
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ICie 
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Fig.2. Complete circuit diagram for the Electrosmog Sniffer 


One option was not entertained. 
Some milligauss meters employ ‘fre- 
quency weighting’, which might be 
described as ‘a kind of RIAA’, whereby 
different frequencies are weighted 
differently according to the biologi- 
cal effects they might have. This was 
not considered, for the reason that it 
would have considerably complicated 
the circuit and its development. 

While the overall result is not a ‘pre- 
cision’ device, and does not reach into 
the higher frequencies, it should none- 
theless give a meaningful impression 
of most of the EMFs to which we are 
exposed to in the home or workplace 
—at a far lower price than is typical in 
the marketplace. 


Circuit details 


The gauss (a milligauss is one-thou- 
sandth of a gauss) is a unit of measure- 
ment of magnetic field strength. A 
milligauss meter (which is what the 
Electrosmog Sniffer is) measures the 
strength of magnetic fields. Inside 
a milligauss meter there is a coil of 
thin wire, typically with hundreds of 
turns (L1 in this design — see Fig. 2). 
As a changing magnetic field radiates 
through the coil, it induces a current, 
which is amplified by the circuitry 
inside the milligauss meter. 


Sniffer coil 


To ensure that all constructors would 
be ‘on the same page’, a custom-wound 
coil was decided on for this project. 
Coil L1 is 1,200 turns of 0.315mm 
diameter (30swg/22awg) enamelled 
copper wire on a6mm diameter, 25mm 
long, bolt. Two 32mm diameter wash- 
ers serve as the ‘end-stops’. A nut is 
turned onto the end of the bolt (see 
photo), and the washers and the nut 
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are set with some dabs of 
glue. Coil L1 leaves a lot 
of room for error, so that a 
hundred missed turns, ora 
10% different wire gauge 
will not impair the circuit. 
If one is feeling lucky, one 
might not even count the 
turns — just fill the coil as 
shown in the photo. 

Coil L1 feeds the output 
of inverter IC1a back to its 
input, thereby stabilising 
the output to about half of 
the supply voltage. How- 
ever, any EMFs detected 
by the coil will ‘send 
ripples’ through the IC1a 
circuit. These are ampli- 
fied about 50 times at its 
output. These ‘ripples’ are 
then sent via DC-blocking 
capacitor C1 to IC1b. 

ICib essentially serves 
as a gain control, with VR1 to a greater 
or lesser extent ‘short circuiting’ any 
ripples that pass through it. Preset VR1 
also serves to stabilise the output at 
about half the supply voltage. 

ICic and resistor R1, on the other 
hand, serve mainly to provide a linear 
output to meter ME1, with R1 provid- 
ing suitable negative feedback. If R1 
is omitted, meter ME1 tends to swing 
wildly as coil L1 approaches a source 
of EMF (although this would greatly 
increase the sensitivity of the circuit). 


All pumped up 

Diodes D1, D2, capacitor C2, and 
resistor R2 represent a standard diode 
pump, or charge pump, which effec- 
tively converts AC (at ICic pin 6) to 
DC (across C2). Resistor R2 serves 
to provide a discharge path for C2. 


Construction of the sensor coil L1. Approximately 
1,200 turns of 30swg/22awg enamelled copper wire 
are wound on a 6mm x 25mm long bolt 


While R2 could be dispensed with, a 
discharge path makes a circuit more 
predictable and manageable. 

IC2 is a voltage-follower or bufter. 
Since the charge on capacitor C2 is very 
‘weak’, it needs a little encouragement 
before it is fed to something as power- 
hungry as ameter. IC2 therefore ‘bolsters’ 
the voltage that is found across C2. 

Resistor R3 serves to protect compo- 
nents IC2, ME1, and VR2. It ensures 
that amaximum of 10.6mA (5V/470Q) 
will flow through any of these com- 
ponents. As an example, without R3, 
preset VR2 could be adjusted so that 
the output of IC2 would flow to OV with 
minimal resistance — a perfect recipe 
for disaster. Circuit design is often, as 
in this instance, about predicting what 
could go wrong, and preventing it. 

Preset potentiometer VR2 serves to 
balance meter ME1. This is usually 
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called a ‘zero adjust’ potentiometer, 
since it adjusts meter ME1 to zero. In 
fact, a moving coil meter will usually 
have a zero adjust screw on its front 
panel. This should be used to adjust 
the meter to zero before VR2 is ad- 
justed, but not after. 

As already mentioned, it is quite 
likely that the circuit will pick up 
EMFs in excess of 10mG in the home 
or workplace, so that meter ME1 could 
suffer overload. To prevent serious 
overload, diodes D3 and D4 are em- 
ployed, to drop any voltage exceeding 
about 1.2V. This means that, in a worst 
case, only 2mA would pass through the 
meter, and this would be very unlikely 
to cause it any damage. 


Power source 


Last, the circuit uses a positive 
5V voltage regulator, IC3. Since the 
Electrosmog Sniffer is a sensitive cir- 
cuit, which is carefully calibrated, it 
should best be provided witha steady 
supply voltage. Voltage regulator 
IC3 may be fed with any DC voltage 
between 7V and 35V — so a 9V PP3 
battery or a 12V AA battery pack are 
the most obvious choices to power 
the circuit. 

Note, incidentally, that some compo- 
nent values shown in the photographs 
of the prototype have been changed 
in the circuit diagram and compo- 
nents list, so that the circuit diagram 
and components list show the values 
which were finally selected. 


Modifications 


With the component values shown 
in Fig. 2, the circuit has been balanced 
to give full-scale deflection (FSD) of 
ME1 when 10mG is detected. However, 
the circuit may be considerably modi- 
fied and adjusted. 

First, its sensitivity may be reduced, 
by turning back preset VR1, or even 
by reducing the values of VR1 and 
R1. This is recommended if a more 
sensitive meter is used (eg a 130pA or 
250pA VU meter). It is recommended 
that, if a VU meter is used, a value of 
10kQ be used for VR1, and 100kQ for 
R1. The adjustment of a VU meter in 
this circuit may bea little more critical 
or delicate than that of a 1mA meter, 
although by no means too awkward 
to achieve. 

On the other hand, sensitivity of the 
circuit may be increased, possibly as 
much as tenfold (ie to a range of 0 to 
1mG). This would be accomplished 


by increasing the values of VR1 and 
R1 — or by replacing VR1 wth a 10M 
resistor, and removing R1 from circuit. 
In this case, IC1 may be replaced with 
an HCU device, which has a smaller 
gain, yet will detect up to about 50 
MHz. The 74HCU04 IC was tried 
successfully in this circuit, although 
output linearity seemed lost (that is, 
the meter tended to swing wildly on 
approaching sources of EMF). 


Seeing red 


Ared LED may also be used in place 
of a meter, and this would represent 
a large cost saving. This should be 
a normal (not ultrabright) red LED. 
However, sensitivity is reduced by a 
factor of 10 (assuming that the circuit 
has been adjusted for 0 to 10mG and 
a 1mA meter). 

The LED will just begin to illumi- 
nate when the Electrosmog Sniffer 
detects about 10mG— unless, of course, 
one increases the sensitivity of the 
circuit as described. From this, one 
may divide by 4.5 for every doubling 
of distance to estimate the strength 
of EMFs at greater distances from the 
source. 

A final option is a multimeter, 
switched to its 1mA or 2mA range, 
and clipped to the solder pins reserved 
for moving coil meter ME1. A 1mA 
reading will indicate 10mG, while eg 
a 0.3mA reading will indicate 3mG. 


Construction 


The printed circuit board (PCB) 
measures 92mm x 31mm (3.6 x 
1.2inches). Since IC1 is a sensitive 
CMOS device, anti-static precautions 
are advised. In particular, discharge 
your body to earth before handling 
this IC. 

It needs to be noted that IC1 is used 
here as a sensitive HF preamplifier, 
therefore even slightly unsound joints 
may disrupt its operation far more eas- 
ily than would normally be the case. 
Any trouble-shooting should put this 
possibility high on the list. 

Referring to Fig. 3, begin by solder- 
ing the link wire, the six solder pins, 
and the two DIL sockets — observing 
the correct orientation of the sockets. 
Continue with VR1 and VR2, then the 
resistors and capacitors — noting the 
polarity of electrolytic capacitor C3. 
Solder D1 to D4 (again noting polarity), 
and IC3. IC3’s tab should be safely 
clear of the adjacent solder pins. 

Solder the battery clip to the appro- 
priate solder pins as shown in Fig. 3, 
inserting a push-to-make pushbutton 
switch in the positive lead. Be sure 
to attach the battery clip the right way 
round — a mistake here could destroy 
the circuit. Solder pickup coil L1 to 
the solder pins as shown (this may be 
soldered any way round). 

Finally, attach moving coil meter 
ME1 via suitable leads, noting the 
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Fig.3. Sniffer printed circuit board component layout and full-size copper master 
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polarity of the leads. If a VU meter 
is used instead, this is wired up the 
same way, again noting the polarity. 
If an LED is used instead, it may be 
treated as a meter, with its anode be- 
ing regarded as the positive terminal. 
Note, if an LED is used instead of a 
meter, D3 and D4 need to be omitted 
from the PCB, or they will effectively 
short-circuit the LED. 


Boxing up 

The author used a plastic pencil box 
to hold the parts. This cost a mere one- 
tenth of the ABS boxes on offer at the 
local electronics store. Although this 
created a somewhat avant garde look, 
at least it was roomy and functional. 
The author held coil L1 and the PCB 
in place with cable ties, and snapped 
ME1 and S1 into suitable holes cut 
into the plastic. 

Note that meter ME1 should not 
be mounted immediately on top 
of coil L1. There needs to be a few 
centimetres’ space between these 
two components to prevent magnetic 
feedback (feedback might be noticed 
by a wavering needle). 


Calibration 


If there is a zero adjust screw on the 
front panel of the moving coil meter, 
use this to adjust the meter to zero 
with the unit turned off. Usually a 
preset potentiometer has already been 
turned to its mid-position when it is 
purchased. Leave VR2 in its mid-po- 
sition, but turn VR1 right back (anti- 
clockwise). 

Attach a battery or battery pack 
to the battery clip (9V or 12V would 
be ideal), stand clear of any obvious 
sources of EMF, and press pushbutton 
S1 to turn on the circuit. ME1 is likely 
at first to swing too high or too low. 
Use preset VR2 to turn the needle 
back (anti-clockwise) or forwards 
(clockwise), until it is adjusted to zero 
precisely. You might need to return to 
VR2 as you adjust VR1 (see below). 

Potentiometer VR1 is used to 
calibrate the Electrosmog Sniffer. But 
how to calibrate? Ideally, one would 
have a calibrated Sniffer to calibrate 
the Sniffer! It is a chicken and egg 
situation. 

The perfect solution would be a 
professional milligauss meter to com- 
pare. Most constructors, however, are 
unlikely to have access to such a device 
—in fact, it might be for this very reason 
that they are building the Sniffer! 
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Layout of components on the completed Sniffer circuit board 


With this in mind, the author sought 
some kind of EMF ‘standard’ that 
might be common to all. Ultimately, 
he felt that the best he could come up 
with was a computer CRT (cathode 
ray tube). Although such monitors 
tend to cast EMF forwards, backwards, 
upwards, or downwards as the case 
may be, it was found that several moni- 
tors all gave approximately the same 
maximum readings at the side. They 
typically emitted 1.5mG at 30cm (one 
foot) to the side of the back section of 
the monitor. 

This may not always be the case, but 
it is quite likely that, by using this EMF, 
one will gain a roughly correct adjust- 
ment. One can always check it against 
another monitor for reassurance. 

Hold the Electrosmog Sniffer’s 
coil L1 30cm (one foot) away from 
the side of the back section of a 
CRT. Turn the Sniffer through all 
three of its axes to find the highest 
reading. One might 
read nothing at all 
at first. Turn pre- 
set VR1 clockwise, 
and keep turning 
it clockwise, until 
the needle stands 
at 1.5mG maximum 
on meter ME1. Now 
move away from all 
obvious sources of 
EMF. Does the me- 
ter needle still fall 
back to zero? If not, 
readjust VR2. Then 
readjust VR1 as de- 
scribed. The circuit 
is now set up. 


KATS AV transmission 
and IR control system 


Barix Ethernet based 
MP3, communications 
and control systems 


www.laser.com 


Integrators, Installers, Trade 
and Retail customers welcome 


In use 


Always turn the Electrosmog Sniffer 
through all three axes when checking 
a source of EMF. Full scale deflection 
of the meter (1mA) indicates 10mG, 
while 0.2mA indicates 2mG. Although 
the Sniffer will detect the EMF (at least 
in part) of a PDA or a microwave oven, 
note that its effectiveness will seriously 
drop off when measuring frequencies 
above about 7MHz. Up to a point, this 
may be compensated for by increasing 
the circuit’s sensitivity as described 
above, or by employing an HCU IC. 

Note that one’s hands should not get 
in the way of sensor coil L1 when taking 
measurements. Place a hand between L1 
and the source of the EMF, and most of 
the EMF will ‘disappear’. Where has it 
all gone? And what is it doing there? 

A particularly useful introduction to 
EMFs (though not the potential health 
hazards) may be found at http:/AWwww. 
niehs.nih.gov/emfrapid/booklet. EPE 
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display in embedded projects, and 

are often the reason why we add a 
microcontroller to a design in the first 
place. An LCD can provide a wealth of 
information that cannot be articulated by a 
few LEDs or a moving coil meter. 

In the small microcontroller projects that 
we tend to be familiar with the most com- 
mon choice of LCD display is the 2-line, 
16 character intelligent module. These 
modules are equipped with integrated driv- 
er circuits that provide a simple, parallel 
interface to control the display, relieving us 
of the need to understand how the LCD 
actually works. 

The drawback with these displays is that 
they consume a reasonably large amount of 
current — a few tens of milliamps — which 
can make some battery-operated projects 
impractical. A typical AA battery has a 
capacity of around 1000mA/hour, which 
means it could power an LCD module for 
only a few continuous days. 

An example where this would indeed be 
a problem is a bedside digital clock. 
Ideally, one would like such a device to be 
able to display the time continuously, and 
only require the batteries to be replaced 
once or twice a year. 


Static LCD structure 


With that kind of design requirement in 
mind, one has to look elsewhere for a dis- 
play technology that can solve the prob- 
lem. And this is where a different kind of 
LCD module, the static LCD display panel, 
comes into play. 

Static LCD display panels differ from 
the more usual LCD modules in several 
ways. The most striking is that they have 
no additional electronic components — they 
are just glass, and a large number of pins to 
connect to your circuit. With no driver 
electronics to simplify our interface, we 
have to do more work in the microcon- 
troller and possess a more detailed under- 
standing of how they work. Fortunately, 
this is not too complicated, and it is possi- 
ble to explain the important, relevant fac- 
tors in a single article. 

Let’s start with the basic construction of 
an LCD panel. It consists mainly of two 
sheets of glass, glued together with a small 
gap between them. Inside this sandwich is 
a special liquid — imaginatively called a 
‘liquid crystal fluid’. This fluid is an organ- 
ic material composed of ‘rod’ shaped mol- 
ecules. The rod shape plays a crucial role in 
the display, as we shall see shortly. 

On the underside of the top sheet of 
glass is an extremely thin electrode, which 


J CDs are a very popular form of user 
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Fig.1. Construction of an LCD Panel 


traces out the pattern of the LCD’s digits 
and connects each one to a pin at the edge 
of the glass. The electrode layer is almost 
invisible, but if you look closely at the 
glass in bright light you should be able to 
see the tracking. On the top surface of the 
lower glass sheet is a single electrode that 
covers the entire surface of the sheet and 
connects to a single ‘Common’ pin on the 
edge of the glass. Sometimes two or more 
common connections are provided, to help 
provide a better signal. 


Polarising 

On the upper side of the top glass sheet 
is a thin plastic polariser film. Polariser 
films (used in some sun glasses) are like 
small scale gratings that only allow light 
which is orientated parallel to the direction 
of the grating to pass through. ‘Light 
waves’ from normal sources such as the 
sun or artificial lighting arrive at the 


surface of the LCD in many different polar- 
isations, so the front polariser absorbs 
much of the light, and only allows some of 
it through. The light passes through the lig- 
uid crystal fluid, out of the lower glass 
sheet and then through a further polariser 
sheet. Behind that sheet is a mirror reflec- 
tor which bounces the light back through 
the glass and out towards the viewer 
(assuming you are looking at the glass!). 
The various components of the panel are 
shown on Fig. 1. 

While that description of the construc- 
tion is a simplification, we have left out a 
couple of important factors, which are best 
described with the assistance of another 
diagram, Fig.2. 

The top polariser filters light in one 
direction, but the lower polariser filters 
light in a perpendicular direction — so the 
light that filtered through the first filter 
should be absorbed by the second one. One 
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Fig.2. LCD crystal orientation when no power applied 
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would think that the display would simply 
appear completely dark, but this isn’t the 
case. So what is going on? This is where 
the LCD fluid comes into play, as can be 
seen from Fig.2. 

The fluid consists of tiny rod-like mole- 
cules that line up with the polarisation lines 
on the top and bottom of the glass. 
Between the two layers of glass the rods 
‘rotate’ in a spiral. This has the effect of 
twisting the light coming in, changing its 
direction of polarisation. 

When the light reaches the bottom plate it 
is now aligned with the lower polarisation 
plate and can pass through, be reflected by 
the reflective film and sent back up through 
the LCD fluid and out of the top glass sheet. 
This gives the ‘light’ appearance of the LCD 
panel when it is not powered. In summary, 
ambient light entering the glass is reflected 
back out to the viewer. 

When power is applied between a seg- 
ment on the top sheet and the common on 
the lower sheet an electric field forms 
between the two. This causes the rods 
between the two conductors to align up in 
a straight line. Now, the light passing 
through is not twisted and is simply 
absorbed by the lower polariser film, mak- 
ing the area below the segment appear 
dark. 

That, in a nutshell, is the physics and 
chemistry of how LCDs work. 


Voltage control 

There is one important complication 
with LCDs which affects how we use them. 
The LCD fluid will become damaged if a 
constant DC voltage is applied between the 
segment and common signals. To get round 
this problem we use an AC signal, which 
simply inverts the signal frequently (the 
LCD fluid does not care about the polarity 
of the signal.) 

The typical voltage signals on two 
example segments and the common signal 
are shown in Fig.3. The signals are simple 
Square waves, alternating at a frequency of 
about 30Hz. An ‘on’ segment is out-of- 
phase with the common signal, resulting in 
a constant voltage of 6V. The ‘off’ segment 
is in-phase with the common signal, result- 
ing in a net voltage of zero. Switching 
delays will, of course, generate a small net 
DC voltage but this will be small enough 
not to damage the LCD. 

An LCD panel provides one or two com- 
mon signals (to provide a good return path 
for the segment signals) and one segment 
signal for each independent digit on the 
display. Fig.4 shows a typical LCD panel, 
as used in the example design we will dis- 
cuss shortly. 

LCD panels come in many different 
standard designs for common applications; 
the design in Fig.4 can be used for digital 
multimeters or clocks and is widely avail- 
able. Custom LCD panels are very easy to 
make and are quite cheap for commercial 
applications, costing only a few hundred 
pounds in some cases with a minimum 
order quantity of 1000 parts. Oddly 
enough, for the hobbyist these simple glass 
panels are slightly more expensive than the 
more complicated 2 x 16 character LCD 
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modules; this is simply due to the high 
demand for alphanumeric displays. 

So why would we want to use a simple, 
4-digit display instead of a cheaper, 
alphanumeric module? The main reason is 
power. LCD panels draw extremely low 
current, just a few microamps compared to 
the 10 to 50 milliamps required by an LCD 
module. That’s more than a thousand times 
less power consumption, enabling designs 
to be powered from tiny batteries for very 
long periods. The rest of the circuit must be 
low power too of course, but in the case of 
the digital clock example that we will show 
in this article that is easily achievable. 

Powering an LCD panel is simple — most 
LCD panels are designed to run at between 
3V to 6V, and do not really require a regu- 
lated power supply. As the voltage drops, 
the display becomes progressively dimmer, 
which can act as a ‘battery low’ warning. 
Or you can just fit a regulator. For many 
hobby applications the former method is 
quite acceptable. 


Parameter choice 

When choosing an LCD panel there are 
three main parameters you need to consid- 
er. As panels come with a variety of differ- 
ent digit layouts, you obviously need to 
find one that matches your needs. Then, 
you need to check that the working voltage 
suits your circuit’s power supply. The panel 
we have chosen operates at up to 6V. 
Remember that we are alternating the 
polarity of the signal between the segment 
and the common signals, so a 3V circuit 
supply voltage will give a 6V ‘swing’ 
across the display. 

Our circuit can run at 3V, which is fine. 
On investigation it was found that the circuit 
will run quite happily down to 2.6V, and so 
will run off two AA cell batteries without 
regulation. It requires some experimentation 
to check that the contrast is acceptable, as 
the display will dim at lower voltages. 

Finally, you need to check the switching 
speed of the panel. Panels typically operate 
at around 30 to 100Hz, so you need to check 
that your microcontroller will support that 
switching speed (more on this later.) Our 
panel runs best at 32Hz, a speed supported 
by our microcontroller of choice, the 
PICI6F917, when running of a 32kHz 
clock. The clock speed is not an exact 
requirement — remember, there are no elec- 
tronics on the panel. The clock speed is 
determined by the chemistry of the LCD 
fluid, and is related to the ‘viscosity’ of the 
fluid, how quickly the rods can change 
direction when the voltage changes polarity. 


Now we know how to drive an LCD 
panel, it’s time to decide on a processor to 
drive it. It’s worth mentioning briefly that 
while Microchip supply processors that are 
intended to drive LCDs, it is quite reason- 
able for you to drive an LCD with just stan- 
dard PIC I/O port pins. Having a set of seg- 
ment outputs and a single common output 
changing polarity 32 times a second is a 
trivial programming problem. Microchip 
make things simple by providing proces- 
sors that have many output pins which can 
be configured to ‘toggle’ state periodically 
without software activity, and while run- 
ning in ultra low power. 


Digital clock example 

Fig.5 shows the example circuit for a 
digital clock based on the PIC16F917 
processor. We have chosen this part for a 
number of reasons. It’s a low voltage 
device, capable of running down to 2\V; it 
has LCD drive capability built in; it has 
enough LCD segment pins to drive our 
chosen LCD, and it is the device fitted to 
the PICKit2 debug board, making devel- 
opment easy. 

Before coming up with the circuit we 
had some design decisions to make, 
based on how we want the circuit to 
work: it should be a simple, working 
design and it should draw low enough 
power to run for more than six months 
off two AA batteries. 

Driving the LCD is simplicity itself. 
Connect the two common signals on the 
LCD panel to the COMO pin on the proces- 
sor, and connect up pins SEGO to SEG23 to 
the segment pins on the panel. The order in 
which you connect the segment signals up 
is not critical; at some point in your code 
you will have to produce a routine that 
‘maps’ numbers to be displayed into a par- 
ticular set of register settings. 

The VLCD3 pin needs to be connected 
to the V,, pin to provide the LCD supply 
voltage. And that is it. Although there are a 
large number of pins to wire, the setup is 
quite straightforward. 


Fig.4. Four-digit static LCD Panel 
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32.768kHz 


Fig.5. LCD clock circuit 


PIC pin use 

To keep the overall circuit simple, we 
have opted to wire the MCLR pin internal- 
ly, via a config bit setting. That saves a pin. 
The only remaining components are a 
32.768kHz watch crystal and two 22pF 
capacitors. You may well need to tinker 
with these values to get an accurate 
32.768kHz signal from the oscillator. In 
most cases, however, this should be close 
enough. 

To enable the circuit to draw the 
absolute minimum of power, we will clock 


the LCD periph- 
eral from the 
Timer 1 oscilla- 
tor, which con- 
fusingly is wired 
to the main oscil- 
lator pins. The 
CPU itself is 
clocked from an 
on-chip RC oscil- 
lator by setting 
the config bits to 
the INOSCIO 
setting. The RC 
oscillator is, of 
course, far too inaccurate to operate as the 
timebase for a real clock; instead, we wire 
the COMO pin to an interrupt input on RBS 
to provide an accurate interrupt 64 times a 
second. The processor is held in SLEEP 
mode, and on the 64th interrupt the real 
time clock is updated, and the digits on the 
display changed to reflect the new time. 
Amazingly, this circuit draws less than 
10QuUA. 

Setting up the LCD peripheral is similar 
to setting up an I/O port. First, define the 
clock rate and source by writing to LCDPS 


and LCDCON. Next, enable the segment 
pins that you want to use by writing a ‘1’ 
bit in the appropriate position in the 
LCDSEO0-2 registers. We want to enable all 
24, so we write OxFF to all three registers. 
Enable the display by setting the VLCDEN 
and LCDEN bits in the LCDCON register. 

Now, to display a digit on the LCD, sim- 
ply write a ‘1’ bit into the appropriate posi- 
tion in the LCDDATAO-? registers. 

The full sequence of code, including the 
configuration of the Timer 1 oscillator can 
be found in the PicNMix section of the 
EPE website’s Download area (via 
www.epemag.co.uk). All the code is locat- 
ed in a single source file, Ipled.asm. The 
remaining files contain the MPLAB proj- 
ect settings, so you can easily modify and 
build the program in MPLAB. 

The sample circuit draws so little current 
that it can be powered by a simple home- 
made battery. We found that a lemon, zinc 
plated nail and a short length of copper 
wire had no problem powering the clock! 


References 
4-Digit Static LCD datasheet, Farnell 
part number 253-558 
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ANSuperbIRreaMmplitiemrorniheAudionenthusiast! 


This easy-to-build hi-fi preamp features 
high-performance audio op amps for ultra- 
low noise and distortion. Its modular design 
incorporates five switched RCA phono inputs 
and support for a headphone amplifier. 


HESE DAYS, audio power ampli- 
fiers that produce low noise and 
distortion and cost only a few hundred 
pounds are relatively easy to find. In 
fact, they’re built into many of the 
latest multi-channel home theatre 
systems. Much of this gear is based 
around hybrid amplifier modules, 
which typically produce distortion 
levels in the 0.02% realm. 
However, those serious about their 
audio will demand a much higher level 
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of performance than can be found in 
these mass-produced units, which 
explains why the discrete power am- 
plifier projects described in EPE are 
so popular. 

Having built one of our high-per- 
formance amplifiers, many readers 
have also asked us for a matching 
preamplifier design. And so our de- 
sign brief was simple: a minimalist 
approach, focused on achieving ul- 
tra-low noise and distortion, but with 


enough gain (with the ‘wick’ wound 
right up) to overdrive any of our audio 
power amplifiers, including the big 
350W and 500W units. So, what were 
our options? 


Discrete versus integrated 


Initially, we were aiming for a dis- 
crete class-A amplifier design, specu- 
lating that this would be the best way 
to achieve the ultra-low distortion 
figures that were required. Another 
option was to use ‘boutique’ op amps 
specified for hi-fi audio use, such as 
those manufactured by Analog Devices 
and Texas Instruments. 

High linearity and the lack of cross- 
over distortion are the major reasons 
for the use of class-A mode in audio 
applications. However, when com- 
pared to an equivalent op amp design, 
a discrete class-A amplifier would 
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have consumed a large amount of PC 
board space, making the completed 
module physically large and more 
prone to radiated noise. It would also 
be considerably more difficult to build, 
containing many more components 
than an equivalent op amp design. 

We then looked at the current audio 
op amp offerings and their implemen- 
tation. In many of our past designs, 
we ve used the industry-standard NE- 
5534 and LM833 devices. These are 
relatively cheap and easy to obtain, and 
both typically produce about 0.002% 
total harmonic distortion (THD) at 
1kHz when driving a 2kQ load. Don’t 
get us wrong — this is a very good figure 
— but it just wasn’t good enough for our 
new preamp! Our intention was (and 
is) to produce a preamp which causes 
virtually no signal degradation when 
teamed with our benchmark class-A 
15W amplifier. 

From the limited selection of au- 
dio-specific op amps available, most 
were deemed either too expensive or 
too hard to obtain. However, the Burr- 
Brown (Texas Instruments) OPA134 
series is not expensive and easy to 
obtain, and it produces an extremely 
low 0.00008% harmonic distortion at 
1kHz! This is more than an order of 
magnitude (25 times better!) below 
the figures for the op amps mentioned 
earlier and with all things considered, 
would give superior performance com- 
pared to a discrete class-A design. 

Incidentally, the output stages of 
these op amps do not run in class-A 
mode, despite their excellent linearity. 
The manufacturer’s datasheets do not 
reveal how they have achieved these 
impressive results. 


Extra features 


We’ve stuck to our minimalist brief 
and added just two features to the basic 
preamp. The first of these addresses 
a common problem faced during 
preamp construction: how to switch 
the various signal inputs through to 
the preamp input while maintaining 
low noise and crosstalk. 

Typically, multiple inputs are han- 
dled by fitting a bunch of RCA phono 
sockets to the rear panel and labori- 
ously wiring these to a rotary switch 
on the front panel with shielded cable. 
Alternatively, the RCAs are mounted 
on aPC board at the rear along with the 
switch, which is then piped through to 
the front panel with a long extension 
shaft. While these methods work, they 
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Main Features 


Five on-board RCA phono inputs 


Measured Performanee 


High performance design — very low THD+N 


Passive-switched inputs maintain signal integrity 
Switched headphone amplifier output 


Frequency response...flat from 10Hz to 20kHz, —1dB @ 82kHz (see Fig.5) 


Maximum input signal 
Input impedance 
Output impedance 
Harmonic distortion 
Signal-to-noise ratio 
Channel crosstalk 
Source crosstalk 


2.9V RMS (9.5V RMS output) 


typically <0.0005% (see Fig.7) 

— 102dB unweighted 

—96dB @ 1kHz, —73dB @ 10kHz 
—110dB @ 1kHz, —93dB @ 10kHz 


Note: all measurements were performed at the maximum volume setting with 
the output driving a 50kQ load. Input signal amplitude was 6(00mMV RMS (2V 
RMS output). For crosstalk measurements, non-driven inputs were back- 


terminated into 600Q. 


have their disadvantages. What’s more, 
they don’t allow for remote control 
selection! 

We've opted for an electro-mechan- 
ical solution, using passive (relay) 
switching for minimum impact on the 
audio signal. Each stereo input has its 
own miniature relay, positioned right 
next to the RCA phono socket. This 
gives absolute minimal source cross- 
talk and less induced noise, even when 
compared to some cabling schemes. 

The second feature is closely related 
to requests we’ve had for a high-qual- 
ity headphone amplifier that runs off 
the preamp (rather than power amp) 
stage. In support of this idea, we’ve 
included a relay circuit that can route 
the preamp’s output to an RCA socket 
at the rear or a terminal block on the 
inside, where it would connect to a 
separate headphone amplifier board. 

In summary, to operate as a fully 
functioning unit, the Studio Series 
Preamplifier module requires only a 
volume potentiometer, source selec- 
tion switch and low-noise power 
supply, all of which are described in 
detail in this article. 


In the pipeline 

Next month, we expect to describe 
a high-quality headphone amplifier 
module to suit. And the following 
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month a companion control board, 
which will feature an infrared remote 
control (motorised) volume pot and 
remote source selection. 

In the final article, we’ll show you 
how to put all of these modules to- 
gether in a slim rack-mount case. 


How it works 


The preamp consists of two identi- 
cal signal paths from input to output, 
catering for the left and right stereo 
channels. Therefore, to avoid duplica- 
tion and reduce clutter, our circuits 
show only the left channel. We’ve 
also divided the preamplifier circuit 
diagram into two sections, correspond- 
ing to the input signal switching (Fig.1) 
and preamplifier functions (Fig.2). 

Referring first to the signal inputs 
(Fig.1), no less than five RCA sock- 
ets (CON8-CON12) are provided for 
connection to various audio sources. 
We’ve used labels such as ‘CD’, ‘DVD’ 
and “TAPE’, but of course, these inputs 
will accept any audio signal classed as 
‘line-level’. The sixth socket (CON13) 
simply loops the selected input pair 
back out, duplicating the ‘tape loop’ 
function found in some preamps and 
control units. 

Each input pair is connected to the 
normally-open contacts of a relay, 
with the poles of all relays connected 
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NOTES: 

1. ONLY LEFT CHANNEL SHOWN, 
VALUES IN () REFER TO RIGHT CHANNEL. 
2. METAL BODY OF VR1 MUST BE 
CONNECTED TO CHASSIS EARTH. 


A7 uF 


PREAMP BEV 


LEFT INPUT 


IC1& IC2: 
OPA2134 


‘Clas 
(IC2a) 


LOW-PASS 
FILTER 


OPA2134PA 


+. 


BUFFER 


AMPLIFIER 
2k ‘Ay =3.3 


(VR1b) 
10k LOG 
VOLUME 


CON6 
TO HEADPHONE 
AMPLIFIER 


LEFT 
RIGHT 


GND 


STUDIO SERIES STEREO PREAMPLIFIER 


Fig.2: the amplifier part of the preamp is based on Burr-Brown high-performance OPA2134 audio op amps (IC1 and 
IC2). To save space, only the left audio channel is shown here - the right channel is identical. 


together. The relays are driven with 
PNP transistors (Q1-Q5) from the +5V 
rail, such that when the base of a tran- 
sistor is pulled to ground it switches 
on, energising the relay. This closes the 
relay contacts and connects the signal 
pair through to the amplifier input. 
We have not used the normally closed 
contacts ofthe relays. With a slightly dif- 
ferent switching arrangement we could 
have used these to short the outputs 
of the ‘unselected’ program sources to 
eround. For example, this would stop 
the audio from a tuner being heard at low 


TO 10-WAY HEADER 
ON PREAMPLIFIER BOARD 


TUNER. SEL ~ 
DVD_ SEL 


2 
CD_SEL et 
2 


TAPE_SEL 5 Ys 


AUX_SEL 2 


SINGLE-POLE 5-POSITION 
ROTARY SWITCH 


levels when a CD player was selected. 
This approach would have ensured 
low source crosstalk, but we felt that 
shorting some program sources may 
not be desirable. In any case, we have 
managed to keep source crosstalk very 
low, at around —110dB. 

The bases of Q1-Q5 are connected to 
a header (CON4) via 3.3kQ resistors, so 
it’s simply a matter of grounding the 
designated header pin to select a par- 
ticular signal source. A rotary switch 
can be used to perform this function, 
as shown in Fig.3. 


Fig.3: a single-pole 5-way rotary switch can be ered to the 10-way header 


(CON4) to provide source selection. 
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CON14a 
(CON1 4b) 
PREAMP 
OUTPUT 


HEADPHONE/PREAMP 
SWITCHING 


Note that the relay control circuits 
operate from completely separate 
power and ground rails. In fact, we’ve 
used a different ground symbol for the 
relay circuits to indicate that this rail is 
not connected to the amplifier ground 
rail on the preamp PC board. Instead, 
the two ground rails are connected 
only on the power supply board to 
minimise noise. 

Also shown on this circuit (Fig.1) 
are the coils for relays RLY6 and RLY7 
and their control circuit. These form 
part of the preamplifier’s output signal 
routing, which we will describe in 
detail later. 


FET op amps 
The core function of the 
preamp-lifier is performed by 
a pair of Burr-Brown OPA2134 
dual audio op amps (IC1 & 
IC2), as shown in Fig.2. 
The audio signal 
from the selected 
source is AC-cou- 
pled to the in- 
put ofthe first op amp 
(IC1a) via a 47uF capacitor, while a 
100kQ resistor to ground provides 
input termination. 


pA 


-15V 


O | +5V 

O | GND 
O | +15V 
O | GND 


N 
z 
O 
UO 


CON3 


10uF 
16V 


A7 uF 
25V 


4x 1N4004 


CON] 


15V AC 
15VAC 


30VA 
MAINS TRANSFORMER WIRING 


TOROIDAL 


TI 


1N4004 


S1 
POWER 
250V AC 


FI 
500mA 


STUDIO SERIES STEREO PREAMPLIFIER - POWER SUPPLY 


Fig.4: we designed a separate low-noise linear supply for the preamp 
based on common 3-terminal regulators. A regulated +5V output is 
included for powering the switching circuits and future add-ons. 


A simple low-pass filter formed by 
the 1.2kQ resistor and 56pF capacitor 
attenuates RF frequencies ahead of the 
op amp input. A relatively large resis- 
tor value can be used here because of 
the OPA2134’s true FET inputs, which 
present an impressively large 10TQ 
(Teraohms!) impedance. The —3dB 
point of the filter was chosen to be 
about 100 times greater than the high- 
est audio frequency, to have minimal 
effect on the audio signal. 

The voltage gain of the op amp is 
set to about 3.3 (10.5dB) by virtue of 
the 4.7kQ and 2kQ feedback resistors. 
The 4.7kQ resistor and 220pF capaci- 
tor combination roll off the top end 
frequency response, with a —3dB 
point at 154kHz. 

As can be seen from the frequency 
response graph (Fig.5), this gives a 
flat response over the audio spectrum 
while eliminating the possibility of 
high-frequency instability. 

The output from IC1a (pin 1) drives 
one end of a 10kQ log. potentiometer 
(VR1a) via a 22uF non-polarised cou- 
pling capacitor. The pot acts as a sim- 
ple voltage divider, with more or less 
of the amplified signal appearing at 
the input of the second op amp (IC1b), 
dependent on its wiper position. 

You'll note that the wiper of the 
pot is also AC-coupled, again with a 
non-polarised capacitor. This is done 
to prevent any DC voltage appearing 
across the pot, which if present would 
cause an irritating sound during wiper 
movement. 

We've used the second op amp in 
the package (IC1b) as a unity-gain 
buffer, allowing the preamp to provide 
a low-impedance output regardless of 
volume control setting. A 47uF non- 
polarised capacitor couples the audio 
signal to the output via a 100Q resistor, 
which is included to ensure stabil- 
ity when driving cable and amplifier 
input capacitance. Together with the 
ferrite bead, it also helps to attenuate 
RF noise that might otherwise find its 
way back into the preamp circuit. 


Impedance matching 


As mentioned, op amp IC1b is con- 
figured for unity gain, so its output (pin 
7) must connect back to its inverting 
input (pin 6). Note, however, that we 
show a resistor (R1) in the feedback 
path. Those familiar with op amps will 
know that a resistor can be included 
in this loop to impedance match the 
two inputs. 
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AUDIO FRECISION SCFREQRE AMPL(diir) ve FREQ(Hz) 
10,000 


8.0000 
6.0000 
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10 100 ik 


154kHz. 


Like many op amps, the OPA2134 
shows an increase in distortion in non- 
inverting applications if the imped- 
ance seen by its positive and negative 
inputs is not matched. Unfortunately, 
the input impedance that the negative 
input of IC1b ‘sees’ varies with the 
wiper of the pot. 

Despite this shortcoming, the distor- 
tion levels of the OPA2134 are very low 
even at the worst case wiper position, 
where noise far outweighs distortion 
anyway. Nevertheless, we’ve provided 
positions on the PC board for two imped- 
ance-matching resistors (R1 and R2). 

If desired, you can install equal 
value resistors (instead of wire links) 
in these two locations that approxi- 
mate the wiper-to-ground resistance 
of the volume pot at your typical lis- 
tening levels. This extra little feature 
allows you to obtain the very best 
performance from your preamplifier 
module! 

Of course, the said wiper resist- 
ance can only be determined after 
you've used the preamp with your 
complete stereo system and favourite 
music for awhile, so wire links are 
installed in these locations during 
construction. We suspect that most 
constructors won’t bother to replace 
the wire links! 


Output switching 


Finally, provision has been made 
to allow the preamp output to be 
switched between the RCA socket pair 
at the rear (CON14) and a terminal 
block (CON6). The latter connector 
is intended for use with the internal 


AUDIO PRECISION SCTHO-HZ THO+N("s) ve FREQ(Hz) 


1 


BW: 22Hz - 22kHz 


0.1 


0.070 


0.001 


0001 


10k 100k 200k 20 100 
Fig.5: a plot of the frequency response for both channels 
shows a ruler-flat response over the entire audio spectrum, 
after which the curve gently rolls off, with a -3dB point at 


tk 10k 20k 


Fig.6: crosstalk between channels is also very respectable. 
Increasing crosstalk at the higher end of the scale indicates 
electrostatic coupling, due to the physical proximity of the 


channels and the long PC board tracks connecting the relays. 


high-quality headphone amplifier to 
be described next month. 

Two relays (RLY6 and RLY7) are 
used to allow the non-driven input to 
be grounded. Relay operation is dic- 
tated by the insertion and removal of 
the headphone jack, which operates a 
switch inside the jack socket. 

The jack switch is wired to CON7 
(Fig.1), where it controls transistor Q6 
to drive the two relay coils. With a jack 
in the socket, the switch is open and 
the base of Q6 is pulled high via diode 
D6 and the two 1.5kQ resistors. This 
turns Q6 on and energises both relay 
coils, directing the output signal to 
CON6 and the headphone amplifier. 

When the jack is unplugged, the 
socket switch closes, grounding the 
‘SWITCH’ input on CON7 and steal- 
ing Q6’s base current. After a short 
delay, the transistor (and the relays) 
switch off, redirecting the output 


Fig.7: all our 

audio tests were 
performed on an 
Audio Precision 
System One. This 
graph shows total 
harmonic distortion 
and noise versus 
frequency. The 
reading is mostly 
below 0.0005%. 
However, this figure 
is barely above the 
noise floor of the 
test instrument, 

so the real value 

is probably 


1 


0.1 


0.070 


0.001 


much lower! | ap 400 
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signal to CON14 and the power 
amplifier. 

The diode, capacitor and resistors are in- 
cluded in the base circuit of Q6 to slow the 
circuit’s response to changes at the switch 
input. This helps to minimise relay chatter 
during jack insertion and removal. 


Power supply 


To ensure the best possible perform- 
ance, we’ve designed a separate, low- 
noise power supply for the preamp 
module. It provides regulated +15V 
and +5V outputs for the preamp and 
any future add-ons. 

The power supply board accepts 
a 30V AC centre-tapped transformer 
input, typically formed by joining 
two 15V AC secondary windings of a 
toroidal transformer — see Fig.4. Four 
diodes (D1-D4) and two 2200uF ca- 
pacitors rectify and filter the input to 
create +21V DC (nominal) rails. 


AUDIO FRECISION SCTHDO-HZ THO+N(%) vs FREQ(Hz) 


BW: 22Hz - 22kHz 


The LM317 and LM337 adjustable 
regulators generate the complemen- 
tary positive and negative supply 
rails. Their outputs are programmed to 
+15V by virtue of the 100Q and 1.1kQ 
resistors connected to the ‘OUT’ and 
‘ADJ’ terminals. 

We’ve used adjustable regulators in 
this design because the ‘ADJ’ terminals 
can be bypassed to ground to improve 
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regulated DC input, a 330Q resistor 
across the negative input is included 
to balance the rails so that they decay 
at similar rates at power off. 


Preamp assembly 


Assembly of the preamplifier board 
is quite straightforward, as all com- 
ponents (except for the volume pot) 
mount on a single-sided PC board 
measuring 73 x 192mm. Use the 
overlay diagram in Fig.8 as a guide to 
component placement. 

If you won’t be connecting a head- 
phone amplifier to the board later on, 
then installation of the associated 
output switching circuitry is optional. 
The components involved are RLY6, 
RLY7, CON6, CON7, D6 to D8, Q6, a 
100uF capacitor and a few resistors. 
Fig.8 shows these items enclosed 
within a dotted outline, for easy 
identification. 

You'll find assembly much easier 
if you install the wire links, resistors 
and diodes first. Note that two of the 
wire links pass partially beneath the 
220pF capacitors and these must be 
fashioned from 0.7mm tinned copper 
wire or similar. 
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Fig.8: follow this overlay diagram closely when assembling your preamp board. Wire links should be installed for R1 and R2 but these can be replaced 
does no harm to install them anyway. 
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This prototype preamp board varies slightly from the final version shown in Fig.8. The miniature relays switch the 


selected source to the preamp stages and switch the preamp output between the external power amplifier and an 
optional internal headphone amplifier (to be described next month). 


Zero ohm ‘resistors’ can be used in 
place of wire links in the remaining 11 
positions, if desired. These are shaped 
just like conventional 0.25W resistors 
and are identified by their brown body 
and single black band. Although they 
impart a neater appearance to the 
finished work, they have no electrical 
benefits over ordinary copper wire! 
For the time being, you should also 
install wire links in place of resistors 
R1 and R2. 

Note that the two 100Q resistors 
require special treatment. Slip a 5mm 
ferrite bead over one lead before bending 
and inserting each resistor into its PC 
board holes — see photo, above right. 

The relays (RLY1 to RLY7) can go 
in next, taking care to insert them the 
right way around. The white line on 
the top of the package must match the 
corresponding marking on the overlay 
diagram. Remember that RLY6 and 
RLY7 can be left out if headphone 
amplifier switching isn’t needed, as 
explained earlier. However, you must 
fit two wire links in place of the relays, 
as shown in Fig.8. 

Install the two 8-pin IC sockets and 
the 10-way header (CON4) next. Note 
that one side of the header housing 
is keyed and this must be oriented 
towards the centre of the board. Like- 
wise, the notched (pin 1) end of the IC 
sockets must be correctly oriented. 

Follow with the screw terminal 
blocks, all of the capacitors and the 
transistors. Five of the electrolytic 
capacitors (100uUF and 10uF values) 


are polarised and must be installed 
with their positive leads aligned as 
shown. The remaining electrolytics 
are non-polarised (marked ‘NP’ or ‘BP’) 
and can go in either way. 

The RCA phono connectors (CON8 
to CON14) go in last of all. Be sure 
to push each connector all the way 
home and check that it’s sitting per- 
pendicular to the board surface before 
soldering. 


Power supply assembly 


The power supply PC board is a 
relatively simple design and should 
not present any particular assembly 
problems. Apart from the mains trans- 
former and wiring, all components 
mount on a single-sided PC board 
measuring 54.6 x 80mm, including 
the bridge rectifier, filters and voltage 
regulators. 

As before, install all of the low-profile 
components first, starting with the sin- 
gle wire link, resistors and diodes (see 
Fig.10). To aid heat dissipation, the two 
5W resistors should be mounted about 
2mm proud of the board surface. 

Take care with the orientation of 
the electrolytic capacitors, as all on 
this board are polarised. Also, be sure 
not to interchange the two adjustable 
regulators (REG1 and REG2) and note 
that they face in opposite directions! 

Unlike REG1 and REG2, regulator 
REG3 mounts horizontally. Bend its 
leads at 90° about 5mm from its body 
and trial fit it in position to verify that 
the hole in the tab lines up with its hole 
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in the board. Adjust as necessary, then 
slide a TO-220 heatsink between the 
regulator and the PC board after apply- 
ing a thin smear of heatsink compound 
to the mating surfaces. 

Secure the assembly to the board 
with an M3 x 10mm screw, flat 
washer and nut. Don’t solder the 
regulator’s leads until after the screw 
has been tightened, otherwise the PC 
board or regulator package could be 
damaged. 


TWIN-CORE SHIELDEp 


10kQ GANGED 
VOLUME CONTROL 
POTENTIOMETERS 


Fig.9: here’s how to wire both halves of 


the dual-gang volume potentiometer. 


We plan to present a motorised volume 


control in a future instalment. 
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The power supply board 


should only take a few minutes : 


to assemble. All connections are 
made via screw terminal blocks. 
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TRANSFORMER 
INPUT 
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Fig.10: follow this diagram to assemble the power supply board. Take 
care not to get the 3-terminal regulators mixed up. 


Before moving on to the wiring, 
attach four threaded standoffs to each 
board in the holes provided using M3 
x 6mm SCrews. 


Mains wiring 
It’s very important that the power 


supply is checked thoughly before it’s 
connected to the preamplifier module. 
To do this, first assemble the trans- 
former into your metal project case. 
For best results, the mains trans- 
former should be located as far away 
from the preamp board as possible to 


minimise induced noise. A toroidal 
model is recommended for its low ra- 
diated field and low physical profile. 

Important: a full metal case is rec- 
ommended for this project. Plastic will 
not provide the necessary electrical 
screening! 

Connect the mains (primary) side 
of the transformer, using the basic 
diagram in Fig.4 as a guide. Be sure 
to adhere to any instructions provided 
with the transformer, particularly with 
regard to mounting, fuse ratings and 
wire colour coding. 

All work must be carried out pro- 
fessionally and in accordance with 
mains wiring practices. In particular, 
ensure that all live connections are 
properly insulated, which includes 
the use of rubber boots (or equivalent) 
over the rear of all switches and mains 
sockets. 

The mains wiring is not complete 
until the mains earth is secured to the 
metal chassis using the scheme shown 
in Fig.11. That done, use your multi- 
meter to verify that a good electrical 
connection exists between the earth 
pin of the mains plug and all panels 
of the metal chassis. 


Power supply test 


The power supply test is uncompli- 
cated and involves simply measuring 
the unloaded output voltage of the 
three supply rails. To do this, first 
connect the two secondary (15V AC) 
windings to the transformer input 
(CON1) of the board. 

Apply power and use your multi- 
meter to measure the three rails at the 
supply outputs (CON2 and CON3). 
Assuming all is well, the +15V, —15V 
and +5V rails should all be within +5% 
of the rated values. 


Elle cGtrolyticGavsaoly pro pvilenesGalpagitonrs 


|IGH-CAPACITANCE non-polarised 
electrolytics are used for signal 
coupling throughout this design. The 
results are excellent, as reflected in the 
various performance measurements. 
However, some hi-fi proponents will 
be unhappy with this choice, instead 
insisting that polypropylene capacitors 
somehow ‘sound’ better than electro- 
lytics when used in the audio signal 
chain. 
To explain, polypropylene capacitors 
have a much lower dissipation factor 
(DF) and lower dielectric absorption 
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(DA) than electrolytics; a major rea- 
son for their use in sample-and-hold 
circuits, high-frequency filter networks 
and speaker crossovers, for example. 
However, their benefits in low-level au- 
dio frequency circuits are much harder 
to quantify, especially considering their 
proportionally larger size, higher cost 
and limited availability in appropriately 
large values. 

Those with a personal preference 
for polypropylene capacitors can, of 
course, substitute these for the speci- 
fied non-polarised electrolytics, given 


sufficient board space and part avail- 
ability. Smaller capacitance values will 
need to be used for polypropylene 
substitutes due to the sheer size and 
cost differences. To minimise impact 
on bass response, a minimum of 2.2uF 
should be substituted for the 47uF and 
2.2uF electrolytics and a 4.7uF value 
for the 22uF electrolytic. It would also 
be preferable to use a 20kQ log pot 
for VR1. 

Note that the use of physically larger 
coupling capacitors is likely to increase 
noise and crosstalk. 
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WASHERS 


Fig.11: the mains earth terminal 
is secured to the case as shown 
here. The top nut serves as a 
lock-nut, so that the assembly 
cannot possibly come loose. 


Low-voltage wiring 

Once you re satisfied that the power 
supply is working properly, discon- 
nect input power and wire up the +15V 
and 5V outputs to the preamp supply 
inputs. Note that these supplies must 
be cabled separately, meaning that two 
wires are required for the 5V supply 
(+5V and GND) and three for the +15V 
supply (+15V, —15V and GND). 

Use medium-duty, multistrand 
hook-up wire for the job and twist 
the wires tightly together to reduce 
noise and improve appearance. Again, 
run the cable for the 5V supply sepa- 
rately; do not twist it together with the 
+15V wiring. 

For most installations, the preamp’s 
common (GND) rail should be con- 
nected to chassis earth. This is achiev- 
ed by running a wire from the pad 
marked ‘EARTH’ on the preamp 
board to the main chassis earth point. 
Do not connect any other part of the 
preamp circuit or power supply to 
chassis earth (except the volume pot, 
see below). 

The volume pot must be a dual-gang 
logarithmic type, preferably 10kQ in 
value. If using a motorised pot, a 20kQ 
value may have to suffice. Don’t use 
a larger value, as this will affect the 
preamp’s noise performance. Do use 
twin-core shielded cable for each 
section of the pot, wired as shown 
in Fig.9. 

The metal body of the pot must be 
connected to chassis earth to reduce 
noise pickup. Do not connect the 
body to either of the shielded cables! 
Normally, the front panel will provide 
the necessary earth connection. If 
it doesn’t, then connect the pot to a 


Pars List 


1 PC board, code 658, available 
from the EPE PCB Service, 
size 73mm x 192mm 

7 DPDT 5V DIL relays (RLY1 to 
RLY7 — see text) 

7 PC-mount gold-plated dual 
RCA phono sockets (CON8 
to CON14) 

1 10-way 2.54mm PC mount 
shrouded header (CON4) 

4 3-way 5mn7/5.08mm termi- 
nal blocks (CON1 to CONS, 
CONG) 

2 2-way 5mm/5.08mm terminal 
blocks (CON5, CON7) 

2 5mm ferrite beads (L1, L2) 

2 8-pin gold-plated IC sockets 

4 M3 x 10mm tapped spacers 

4 M3 x 6mm pan head screws 

7 self-tapping screws (for RCA 
phono sockets) 


Semiconductors 
2 OPA2134PA dual FET-input 
op amps (IC1, IC2) 
5 BC327 PNP transistors (Q1-Q5) 
1 PN100 NPN transistor (Q6) 
8 1N4148 signal diodes (D1-D8) 


Capacitors 

3 100uUF 16V PC electrolytic 

2 10uF 16V PC electrolytic 

4 47uF 35V/50V non-polarised 
PC electrolytic (max. 8mm 
diameter) 

2 22uF 35V/50V non-polarised 
PC electrolytic (max. 8mm 
diameter) 

2 2.2uF 35V/50V non-polarised 
PC electrolytic (max. 5mm 
diameter) 

5 100nF 50V metallised polyes- 
ter (MKT) 

2 220pF 50V ceramic disc 

2 56pF 50V ceramic disc 


Resistors (0.25W 1%) 


2 1IMQ 
6 100k 
6 10kQ 


2 2kQ 

2 1.5kQ 

2 1.2kQ 

2 4.7kKQ 2 1002 

5 3.3kQ 13 OQ (for links) 
R1, R2 — see text 


Additional items 

1 dual-gang 10kQ log potentio- 
meter 

1 single-pole 5-way rotary 
switch 

1 10-way IDC cable-mount 
socket 

10-way IDC ribbon cable 

2-core shielded audio cable for 
volume pot connections 

Medium-duty hook-up wire for 
low-voltage wiring 


Power Supply 

1 PC board, code 659, available 
from the EPE PCB Service, 
size 54.6 x 80mm 

1 Micro-U 19°C/W TO-220 
heatsink 

2 3-way 5mm/5.08mm terminal 
block (CON1, CON2) 

1 2-way 5mm/5.08mm terminal 
block (CONS) 

4 M3 x 10mm tapped spacers 

5 M3 x 6mm pan head screws 

1 M3 nut and flat washer 


Semiconductors 

1 LM317T adjustable positive 
regulator (REG1) 

1 LM337T adjustable negative 
regulator (REG2) 

1 7805 +5V regulator (REGS) 

8 1N4004 diodes (D1—D8) 


Resistors 

2 1.1kQ 0.25W 1% 
2 1002 0.25W 1% 

1 3380Q 5W 5% (R2) 
1 100Q 5W 5% (R11) 


Capacitors 

2 2200uF 25V PC electrolytic 

2 100uF 16V PC electrolytic 

1 47uF 25V PC electrolytic 

3 10uF 16V PC electrolytic 

2 100nF 50V metallised polyes- 
ter (MKT) 


Additional items: 

1 15V+15V 30VA toroidal 
transformer 

1 Mains switch and connection 
hardware, including a 500mA 
fuse and a 1uF 250V AC 
class X2 capacitor 


RLY7 etc) and have a suitable ampli- 
fier board, then connect the head- 
phone audio output (CON6) to the 
input of your headphone amplifier 


convenient chassis earth point using 
hook-up wire. Note that solder won’t 
adhere to the plating on the pot, so 
remove a small area of the plating 


with an ink rubber or scouring pad 
prior to tinning. 

If you’ve installed the headphone 
amplifier switching circuitry (RLY6, 


Everyday Practical Electronics, February 2008 Dh 


ORANS4ESeniesshlighsRentionnmanceryAudiogOpyAmips 


Oo 
(a>) 
ane 


THD+Noise (%) 


Vo = 3Vrms 


Frequency (Hz) 


Fig.12: at unity gain, the THD+N performance for these op amps is almost 
invisible and certainly inaudible! This graph is reproduced from the 
device’s datasheet, which can be obtained from the Texas Instruments 


website at www.ti.com. 


HE OPA134 series op amps include 

single (OPA134), dual (OPA2134) 
and quad (OPA4134) versions. The 
series is fully specified for audio ap- 
plications, boasting ultra-low distortion 
and low noise. They include true FET 
input stages to provide superior sound 
quality and speed for exceptional audio 
performance. 

This, in combination with high output 
drive capability and excellent DC per- 
formance, allows use in a wide variety 
of demanding applications. In addition, 
the OPA134’s wide output swing, to 
within 1V of the supply rails, allows 
increased headroom, making it ideal 
for use in any audio circuit. 

OPA134 op amps are easy to use 
and free from the phase inversion 
and overload problems often found 
in common FET-input op amps. They 
can be operated from +2.5V to +18V 
power supplies. Input cascode circuitry 
provides excellent common-mode 
rejection and maintains low input bias 
current over its wide input voltage 
range, minimising distortion. 

These op amps are unity-gain 
stable and provide excellent dynamic 
behaviour over a wide range of load 


using twin-core shielded cable. 

In addition, the switch contacts of the 
headphone jack socket must be wired to 
CON7. Many jack sockets have isolated 
switches built in, so all you need to do 
is connect across the normally-closed 
terminals of one of the switches. 

However, the switch contacts in 
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OPA2134 


Fig.13: our preamp uses the 
OPA2134 (dual) version, which 
follows the industry-standard 
package configuration. 


conditions, including high load ca- 
pacitance. The dual and quad ver- 
sions feature completely independent 
circuitry for lowest crosstalk and 
freedom from interaction, even when 
overdriven or overloaded. 

Another strong characteristic of 
this series is its extremely low signal 
distortion. Total harmonic distortion 
plus noise (THD+N) is below 0.0004% 
throughout the audio frequency spec- 
trum (20Hz to 20kHZ) with a 2kQ load. 
In fact, the THD+N produced by these 
op amps is below the normal measure- 
ment limit of all Known commercially 
available test instruments! 


some sockets share a ground con- 
nection with the audio signal. If you 
have this type of socket, then find 
the contact that is disconnected from 
eround when the jack is inserted and 
connect this back to the ‘SWITCH’ in- 
put of CON7, leaving the ‘GND’ input 
disconnected. This avoids creating a 


certain earth loop in your system! 

Important: if the headphone jack 
switch isn’t connected to the preamp 
board, then you must insert a short- 
ing link between the two terminals of 
CON7; otherwise, you'll get no signal 
from output CON14. 


Source selection 


As mentioned earlier, each RCA 
input pair is individually selectable 
via one control line on the 10-way 
header (CON4). To select a particular 
input, simply connect the associated 
control line to ground (GND). 

While we intend to describe a means 
ofremotely controlling the preamplifi- 
er’s source switching (and volume) in 
a future issue of EPE, a far cheaper and 
simpler method is to use a mechanical 
switch. All that’s required is a single- 
pole 5-way rotary switch, a 10-way 
IDC cable-mount socket and a length 
of IDC cable. 

As the cable doesn’t carry low- 
level audio signals, it can be routed 
anywhere you like within your case 
without regard to length. The equiva- 
lent electrical circuit for the switch 
wiring is given in Fig.3. 


Final checks 


Before connecting inputs and out- 
puts, power up, and with your negative 
meter probe touching a handy ground 
point, measure the voltage on the 
power supply pins of the two op amps. 
Obviously, pin 8 should measure +15V 
and pin 4 should measure —15V. In 
addition, the outputs (pins 1 and 7) of 
both op amps should be within a few 
mV of ground. 

Finally, if you’ve connected a source 
selection switch, you should be able 
to hear the relays clicking when you 
rotate the knob. 

OK, that’s it — you should now have a 
working hifi preamp! Happy listening! 


Prototype 
Headphone Amplifier. 
The final version includes a 

second headphone socket and 
has a few other minor changes 
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Concluding our discussion of SPICE simulation 


his month we conclude our short 

series of articles on analogue circuit 
simulators (SPICE simulation) by taking a 
quick look at some of the aspects of how 
SPICE works. Although it is not necessary 
to have a detailed understanding of the 
mathematics and algorithms employed by 
SPICE to make use of it, some under- 
standing is helpful. 

Typically, new SPICE users will at some 
point encounter a circuit which does not 
simulate correctly, crashes, or runs exces- 
sively slowly. Looking through the simula- 
tor’s menus may reveal a lot of settings 
which could be tweaked, but without some 
knowledge of what the simulator is doing it 
may not be easy to choose which setting to 
change. 

The default values for the various simu- 
lator options are chosen by the software 
developers to give reasonable performance 
from the simulator for a wide range of cir- 
cuits. However, as we saw last month, 
when we looked at simulating an astable 
multivibrator not all circuits will simulate 
correctly (or in reasonable time) with the 
default settings. There are many options 
and settings which are common to most 
SPICE simulators, but individual simula- 
tors may have unique settings for which 
you will need to consult their individual 
user guides. 


Equations 


For simulation we need to solve circuit 
equations; we might have y = f(x), which 
means ‘y is a function of x’. The function f 
for example y might be the current in the 
circuit and x might be the voltage. We need 
to know the value of x for which y takes a 
certain value, typically this might be y = 0. 
This is the case if we a trying to solve 
Kirchhoff’s current law (KCL) which 
states that the sum of currents flowing into 
a junction in the circuit is zero. In this case 
y is the ‘sum of currents’ and f(x) is a for- 
mula obtained from the current-to-voltage 
relationships for each component connect- 
ed to the node of interest. 

The development of the mathematics 
behind SPICE simulation of analogue cir- 
cuits goes back to Isaac Newton (1642- 
1727), who is often credited as having 
made the first steps towards modern calcu- 
lus. One of the methods used by simulators 
to solve circuit equations is called 
Newton’s Method or the Newton- 
Raphson Method. However, Newton’s 
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original papers are somewhat different 
from our current approach to calculus. Key 
developments in the technique were made 


Fig.1. Illustration of Newton’s method 


by Joseph Raphson (in 1690) and Thomas 
Simpson (in 1740), who finally developed 
the modern iterative form. 

During simulation the circuit equations 
cannot usually be solved by direct algebra- 
ic means, so a numerical approach is used. 
Fig.1 shows a possible function y = f(x) 
represented by the blue curve (this could 
be the voltage/current characteristic of a 
component). We want to find the value of x 
for which y is zero (the point at which the 
curve crosses the x axis). To do this using 
Newton’s method we start with a guess 
(Fig.la). We then find the tangent to the 
curve at this point — this is the straight line 
with the same slope as the curve at that 
point (in green on the diagram). We follow 
the line to the axis to get our next guess 
(Fig.1b). We can repeat this process a num- 
ber of times (Fig.lc). This process of 
repeated calculation is called iteration. 

If all goes well, we get closer to the cor- 
rect answer with each new guess — this is 
known as convergence. For any guess we 
can work out the actual value of f(x) — by 
using the guess value in the formula — to 
see how close we are to the desired value. 
We can repeat the process indefinitely, but 
in practice we chose some tolerance crite- 
rion — once we get sufficiently close the 
iterations are stopped. SPICE has various 
settings that might affect this tolerance 
value. 


Convergence 
Newton’s method is not perfect — it does 
not always find the answer. This is 


Fig.2. Simple example of Newton's 
method failing to converge. 
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illustrated by Fig.2. Here the guesses go 
off to infinity. In other situations the guess- 
es may jump between two values, rather 
than converge. In many cases a better ini- 
tial guess would result in convergence — 
this is the case with the situation in Fig.2. 

Convergence is a key issue for circuit 
simulators. There is often a trade-off 
between accuracy and convergence in the 
various SPICE options. For example, set- 
ting SPICE’s voltage tolerance value, 
vntol, to very small values in order to 
increase accuracy may cause convergence 
to fail. Modern circuit simulators use vari- 
ous strategies to detect and avoid conver- 
gence problems, but they do not always 
succeed, in which case you get a ‘conver- 
gence failure’ error message. 

Convergence is measured in two ways — 
the difference between iterations to find 
the voltage at a node and the degree to 
which Kirchhoff’s current law has been 
met. These are called the update criterion 
and residue criterion respectively. 

The examples we have looked at concern 
a single equation, but the circuit simulator 
has to solve a large number of interrelated 
equations (Kirchhoff’s current law applied 
at each node in the circuit). The Newton- 
Raphson method is extended to deal with 
multiple equations using matrix mathemat- 
ics. Matrices are arrays of numbers and/or 
interrelated equations. 


Fig.3. Example circuit (see text) 


Transient analysis 

SPICE transient analysis computes the 
response of a circuit as a function of time. 
From a mathematical point of view this 
involves the solution of non-linear differ- 
ential equations. Such equations are gener- 
ally impossible to solve algebraically. 
Instead, we can use a_ step-by-step 
approach — time is treated as a series of 
small time steps — and we find the solution 
to the equation at the next time step based 
on the current situation and an approxima- 
tion of the equation at that point. The fact 
that we use a small time step means that 
the difference between the true and 
approximate versions of the equation can 
be acceptably small. 

We can illustrate this with an example. 
For the RC circuit shown in Fig.3, using 
Ohms Law, we can write for the resistor: 


Ome 


and for the capacitor we have: 


at) 


()=-C— 


Note that we write i(t) and v(t) rather 
than just i and v for the current and voltage 
to indicate they are functions of time (we 
are doing transient simulation). If you are 
not familiar with calculus, all you need to 
know here is that dv(t)/dt means the 
‘instantaneous rate of change of voltage’ 
(at time f). This is the slope of the curve on 
the graph (waveform) at each point in time 
(the slope of the tangent line). 


Current flow 

There is no power supply in the circuit in 
Fig.3. We are assuming that the capacitor 
starts with some charge already on it. It 
will then discharge through the resistor. 

Kirchoff’s current law tells us the current 
in the resistor and capacitor must be equal, 
SO we can combine the two equations 
(eliminating 1): 


M)__ oA) 
R dt 


To find the solution at each point from 
‘time zero’ to some later time (i.e. the dura- 
tion of the simulation) we have to start by 
knowing v(Q) — the voltage at time zero. 
This is called the initial condition. The 
simulator does a DC analysis (using 
Newton-Raphson), or uses initial condi- 
tions set by the user, to start a transient 
simulation. In general, we cannot solve the 
circuit equations directly, we have to use 
some form of approximation to work out 
‘what happens next’ — that is, how do volt- 
ages and currents change as_ time 
progresses? 

There are a number of approaches to this 
(which go under the general title integra- 
tion methods) and most SPICE simulators 
provide more than one integration method 
that can be selected by the user. All these 
methods use time steps, rather than the 
‘continuous time’ of reality. The simplest 
integration method is called Euler’s 
method (or more strictly the Forward Euler 
method). Leonhard Euler (1707-1783) was 
a Swiss mathematician who made a major 
contribution to the development of mathe- 
matics. In fact, he is probably one of the 
greatest mathematicians of all time. 

We can rearrange the previous equation 
for our RC circuit like this: 


ai) __ vie) 
dt RC 


Recall that dv(t)/dt is the slope of the 
line. So at time t = 0 the slope is dv(0)/dt 
and we can draw a tangent to the curve at 
this point as shown in Fig.4a (magenta 
line) (the tangent has the same slope as the 
curve at the point where they touch). By 
moving a small amount of time, h, forward 
along the tangent line we can find an esti- 
mate for v(t) at a new time (call this time 
t;), this is also shown in Fig.4a. The change 
in v(t) along the tangent line is the slope 
multiplied by the time step h, so the esti- 
mate for v(t/) is: 


vi) = v(0 + hx (slope )= 


0) (20) = (0)-h { 4) 
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we repeat this process starting at f, to find 
a value of v at a time / later (time f,). And 
so on, as shown in Fig.4b. We can write the 
equation above in a more general form 
applicable to any time step: 


h 


VU tnew) = WE 4 ) Te RC 


Although we have used a specific exam- 
ple here, it is straightforward to develop a 
general ‘next step’ Euler method equation 
for any function. As can be seen from 
Fig.4b, the Euler method curve deviates 
from the true curve and the error gets 
worse as time progresses. We can reduce 
the error by using smaller time steps or 
using a better integration method. 

Different integration methods produce 
different approximate equations for esti- 
mating V(t,.,). These estimation equations 
are more complex than those obtained 
using Euler’s method and will often be 
non-linear. They can be solved using tech- 
niques such as the Newton-Raphson 
method we described above. 


Fig.4. Euler's Method 


The fact that approximate methods are 
used in transient simulators results in errors 
(as seen in Fig.4). The Local Truncation 
Error (LTE) is the error made at a given 
time step assuming previous steps were all 
accurate, and Global Truncation Error 
(GTE) is the maximum accumulated trunca- 
tion error. Accumulated error is serious 
because it gets worse as the simulation pro- 
gresses. Different circuits have widely vary- 
ing sensitivity to simulation error (tendency 
to accumulate errors). Circuits with long 
time constants and oscillators tend to be 
sensitive to errors; ordinary logic circuits 
tend to be very insensitive. 
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SPICE options 

SPICE simulation options can be set 
using the SPICE tab of the Control Panel 
Window in LTspice (see Fig.5). Other 
options may require use of the .OPTIONS 
SPICE directive, or be available via other 
setup windows. There are around 50 differ- 
ent things you can set with the .OPTIONS. 
For more information look up .OPTIONS 
in the LTspice help system. Other SPICE 
simulators will have many of the same 
options and a few different ones. 

In the following paragraphs we will 
describe most of the options in the LTspice 
control panel. 


Default Integration Method: SPICE simu- 
lators are basically solving sets of non-lin- 
ear differential equations. Such equations 
cannot be solved directly so circuit simula- 
tors use a variety of approximate tech- 
niques, LSpice provides three: trapezoidal, 
modified trapezoidal and Gear. Other sim- 
ulators may provide other methods. 


Solver: This switches between different 
systems for solving the simulation equa- 
tions (using Newton-Raphson or similar). 
This option is specific to LTspice. It can 
only be in the Control Panel (not in a 
-OPTIONS statement). The alternative 
solver will simulate more slowly, but with 
much greater internal accuracy. 


Trtol (Transient Error Tolerance): Spice 
controls the error (Local Truncation Error) 
in transient simulation by adjusting the 
time step. Trtol is one of the parameters 
used in ensuring that the time step is small 
enough (a very complex criterion). The 
usual default for 7rtol in other SPICE sim- 
ulators is 7, but LT'spice uses 1 so that sim- 
ulations using switch mode power supplies 
perform better. For transistor-level simula- 
tions, a value larger than | is usually better 
and may produce a noticeable speed 
increase without adversely affecting simu- 
lation accuracy. 


Gmin: The simulator adds small conduc- 
tances (large resistors) across non-linear 
devices (diodes and transistors) to prevent 
nodes in the circuit from becoming discon- 
nected if the device is fully turned off. In 
some circuits these added conductances 
may change the behaviour of the circuit too 
much. On the other hand, if you make 
Gmin too small the simulator may not 
be able to solve the circuit equations (no 
convergence). 


Gmin Stepping: This is used in DC analy- 
sis (e.g. to find the initial conditions in the 
circuit for transient simulation). The simu- 
lator adds small resistors across non-linear 
devices (diodes and transistors) so that 
they dominate the behaviour of the circuit. 
It solves the circuit and then increases the 
added resistance value. This process is 
repeated until the resistors are so large they 
have no affect on the circuit. The option 
gminsteps can be set to zero to prevent 
Gmin stepping (the box on the control 
panel ticked). 


Noopiter: If this is set to true then the simu- 


lator skips the usual operating point calcula- 
tion and goes straight to Gmin stepping. 


a2 
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Trtol[*]: 1 
[| Noopiter 
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Sstot 0.001 
pila MinDeltaGmin: 0.0001 
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Fig.5. SPICE settings in the control panel 


abstol (Absolute current tolerance): For 
small currents abstol is used for checking 
convergence (residue criterion) and setting 
time steps. In general, it should be set to 
about | million to 100 million times small- 
er than the largest circuit current. 


reltol (Relative convergence tolerance): 
This is used to decide when to stop the 
Newton-Raphson solver iterations; reltol is 
multiplied by the maximum voltage on the 
node and if the change in approximate 
solution is less than this, convergence has 
occurred. This is useful for relatively high 
voltages, but for very small voltages or cur- 
rents reltol becomes too small and vntol or 
abstol determines convergence. 


vntol (Absolute voltage tolerance): For 
small voltages, vntol is used to decide on 
convergence of the Newton-Raphson solver 
(update criterion) and setting time steps. If 
the difference between successive solutions 
is less than this value then the solution has 
converged. For larger voltages, re/tol is more 
important. In general, it should be set to 
about one million to 100 million times 
smaller than the largest circuit voltage. 
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www.stewart-of-reading.co.uk 


Check out our website, 1,000s of items in stock. 
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PM3082 - £195 


DIGITISING/STORAGE 
OSCILLOSCOPES 
HP 54616B Digitising 500MHZ 2GS/S 2 


TEKTRONIX TDS520 Digitising 500MHZ 500MS/S 

2 Channel 

TEKTRONIX TDS360 Digitising 200MHZ 1GS/S | 

2 Channel HP 4192A Impedance Analyser with 16047A 


MARCONI 2024 - £1 ,250 to £1 ,000 He uoGeA Wee Receiver 150KHZ-1300MHZ 


Probes, Ops Manual, Pouch & Front Cover HP 85032A Calibration Kits 
TEKTRONIX TDS224 Digitising 100MHZ 4 Channel 


BIRD 43 Wattmeter - Many Elements Available 
HP 3312A Function Gen 0.1HZ-13MHZ AM/FM HUNTRON 1000 Trackel.......scssscssessesssessessesssesseeseesseaseeees £75 


SPECTRUM ANALYSERS Sweep/Tri/Burst etc RACAL DANA 9343M LCR Databridge Digital Auto 
HP 8112A Pulse Gen 50MHZ Measurements of RCL QD 
HP 8563A 9KHZ-22GHZ Synthesised £6,000 RACAL 9008 Automatic Modulation Meter 


FLUKE 97 Dual Trace 50MHZ 25 MS/S HP 8560A 50HZ-2.9GHZ Synthesised Various opts...£1,900- Gould J3B Sine/Sq Osc. 10HZ-100KHZ Low 
Distortion 


OSCILLOSCOPES an 
; 3 POWER SUPPLIES 


TEKTRONIX 2465B 4 Channel 400MHZ Delay Cursors etc 
incl. Tek Probes FARNELL AP60/50 0-60V 0-50A 1KW Switch Mode 
FARNELL H60/250-60V 0-25A 
THURLBY PL320QMD 0-30V 0-2A Twice Digital 
TEKTRONIX 2445A 4 Channel 150MHZ Delay Sweep HP 83731A Synthesised 1-20GHZ ; aati ve H.P. 6626A Precision High Resolution 4 Outputs 
Cursor etc Marconi 2032 Sig Gen. 10KHZ-5.4GHZ Opt 01/02/06 - Racal 1991 Counter/Timer 160MHZ 9 Digit 0-7V 0-15MA or 0-50V 0-0.5A Twice 
Avionics HP 53131A Universal Counter 3GHZ Opt. 001 oven 0-16V 0-0.2A or 0-50V 0-2A Twice 
PHILIPS PM3217 Dual Trace 50MHZ Delay Sweep......£125 HP 8648A Sig Gen 0.1-1000MHZ unused/used £995/E750 FARNELL XA35.2T 0-35V 0-2A Twice Digital 


FARNELL DTV12-14 Dual Trace 12MHZ Gigatronic 7100 Synth 10MHZ-20GHZ (internal sweep/mod - HP 53131A Universal Counter 225MHZ Oven-!n original FARNELL B30/1030V 10A Variable No Meters 
0 130 to +15dBM) : boxes - unused/used £700/£600 


Marconi 2024 9KHZ-2.4GHZ - HPIB used/unused ,250- : - - ve 
STEWART of READING Marconi 2022E Synthesised AM/FM 10KHZ-1.01GHZ £500 DIGITAL MULTIMETERS THURLBY PL320 0-30V 0-2A Digitial 
Marconi 2019/A Synthesised AM/FM 80KHZ- TAKASAGO GM035-2 0-35V 0-2A 2 Meters 


17A King Street, Mortimer, Near £150-£195 HP/Agilent 34401A 6 1/2 Digit £500/£550 


: - Solartron 7150Plus 6 1/2 Digit True RMS IEEE with t i = 
Reading RG7 3RS - aeceuamart * nie ee Used Equipment — GUARANTEED. 


Telephone: (0118) 933 1111 ae , : Fluke 77 series 2 3 1/2 Digit Handheld Most Manuals supplied 
Fax: (0118) 933 2375 ; fa tea re ll al trellis Please check availability before ordering 
www.stewart-of-reading.co.uk Goodwill GVT427 Dual Ch AC Millivoltmeter 10mV in 12 or calling. 


9am-5.00pm Monday to Friday i i ranges 10HZ-1MHZ. Unused Prices plus carriage and VAT 


SHOP ONLINE AT www.compactcontrol.co.uk 


a Electronics & Software 


Compact Control Design 


@ Design Service 


Compact Control Design Limited was established in August 2005 by 
Andy Watts. The company was set up to provide design and development 
services in electronics and software under contract. From March 2007 
Compact Control Design Ltd has expanded into providing a range of 
products for sale on our web-site or for customers to manufacture under 
license. 


View our website and shop online at www.compactcontrol.co.uk 
For sales enquiries, e-mail us at sales@compactcontrol.co.uk 


For contracting, design and support services, e-mail us at 
design@compactcontrol.co.uk 

Th ializes in the followi tivities: 
i ia aa ec, Sales: 01260 281694 (UK)  +441260 281694 (outside UK) 

Design of electronic systems for small to medium size equipment 

Specialized power supply design, particularly low noise power supplies 

Electronic safety interlock designs 

PIC Micro controller firmware development 

PC software development using C++ and visual studio 

PCB design and layout 


Design: 07894 290209 (UK)  +447894 290209 (outside UK) 


Fax: 01260 501196 (UK) — +441260 501196 (outside UK) 


Compact Control Design Limited 
77 Woolston Avenue 
Congleton 
We provide contracting design and support services for a number of :. Cheshire 
customers including a world leading manufacturer of analytical ie See CW12 3ED 
research systems. : 
Company number: 5528711 
7 7 . ° Compact Control Design Ltd - P0704 
Our senior designer has over 25 years experience in analogue and PIC Developer Board 
digital electronics, firmware and software development. He has 
experience in the design of safety systems, having worked for some years 
in the aerospace industry developing and evaluating redundant control 
systems for aircraft. In his previous employment he developed the 
majority of the electronics including all the control and safety systems 
for a new scientific instrument which is now one of their most important 


products. Compact Control Design Ltd - P0701 USB PIC 
Microcontroller Module 
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ITUATED about 50 miles to the north 
S:=: of London at Bletchley Park 

(shown above) is the former WW2 
code-breaking centre (also known as Station 
X). It was here that a dedicated team of tal- 
ented mathematicians (including Alan 
Turing) worked to break the German 
Enigma codes and also the more complex 
codes used by Hitler and his high command. 


Britain’s best kept secret 

The number of people working at 
Bletchley Park grew throughout the war to 
a point where there were literally thou- 
sands of people working around the clock 
decoding and analysing messages. Despite 
the number of people involved, the German 
high command had no idea that their secu- 
rity had been compromised and believed 
that their codes were unbreakable. 

The success of the code breakers was one 
of the key factors in the Allied victory, 
many historians believing that it shortened 
the war by up to two years, saving thou- 
sands of lives. 

After the war, all trace of what occurred 
at the park was burned or destroyed. Such 
was the culture of secrecy at Bletchley 
Park that no word of what happened began 
to emerge until the mid 1970s. To this day, 
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to a Pico PC-based oscilloscope 


many people who worked there are still 
reluctant to talk about it. 

During the war, many ingenious aids and 
machines were developed at Bletchley 
Park to aid the breaking of codes. One of 
these was Colossus — the world’s first 
programmable electronic computer. (For 
many years the honour of being the 
world’s first electronic computer was 
given to the American ENIAC. In recent 
years, however, both the UK and US gov- 
ernments have declassified and released 
papers giving more information about 
Colossus. In the light of this, historians 
have been forced to reconsider and most 
now agree that Colossus was in fact the 
world’s first programmable electronic 
computer.) 


German codes 

During WW2, the Germans relied most- 
ly on the Enigma machine to encode mes- 
sages. Enigma traffic was first broken 
before the war in Poland, and continued to 
be broken throughout much of the war at 
Bletchley. (A film based on the Robert 
Harris book Enigma, financed by Mick 
Jagger and starring Kate Winslet, was 
released in 2001.) The German Army High 
Command, however, did not rely on 


Enigma, but on a more complex system 
based on encoded teleprinter traffic using a 
machine developed by the Lorenz 
company. 

The Lorenz machine worked with 
teleprinter punched hole paper tape, shown 
below (32 symbol baudot code). The mes- 
Sage was encoded by combining the origi- 
nal with a sequence of obscuring charac- 
ters using modulo two addition (exclusive 
NOR in boolean terms). At the receiving 
end the message was decoded by once 
again adding the same sequence of obscur- 
ing characters. 

Had the sequence of obscuring charac- 
ters been truly random it would have been 
impossible to break the code, but luckily 
for the code breakers, the sequence was 
generated by rotating mechanical wheels 
and was a repeating pseudorandom 
sequence — if this sequence could be 
unravelled then the code could be broken. 

Working at Bletchley, Brigadier John 
Tiltman and Cambridge graduate Bill Tutte 
exploited mistakes made by German radio 
operators and began to reconstruct the 
pseudorandom sequence and discover how 
the Lorenz encoding machine worked. This 
was completed in 1942 and the Post Office 
Research Labs at Dollis Hill were asked to 
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The teleprinter punched hole paper used by the Lorenz machine 
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Start Pulse 


Data and clock pulses on the punched tape 


_h 


The reconstructed Robinson (above) 
and Tunny with its keyboard (right) 


build a machine to replicate the operation 
of a Lorenz machine (at this time they had 
not even seen a picture of a Lorenz 
machine). With this machine (known as 
Tunny) the code began to be broken. The 
problem was the time taken to work out the 
correct settings. This was a manual and 
laborious task that often took weeks, or 
even months, for a single message, so long 
in fact that by the time it was decoded the 
information was useless. 


Brief history of Colossus 

Max Newman, the famous mathemati- 
cian, devised an automated way to find the 
Lorenz machines’ settings. This involved 
having two loops of paper tape. The first 
contained the message to be decoded and 
the second contained the repeating pseudo- 
random sequence. The idea was that each 
time the loop of tape containing the 
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message was fed through the machine, the 
second tape was moved on by one position. 
In this way each possible setting was test- 
ed and a score recorded for each. The set- 
ting with the highest score was hopefully 
the one required for the Tunny machine to 
decode the message. 

TRE (Telecommunications Research 
Establishment) at Malvern were appro- 
ached to develop a machine to implement 
the idea. This machine was based on 
mechanical relays and known as Robinson 
(as in Heath Robinson). Although 
Robinson worked, it was unreliable. In par- 
ticular the mechanical tape reader had 
problems keeping the two tapes in syn- 
chronisation at the operating speed of 1000 
characters per second. 


Tommy Flowers 
Newman, looking to solve the problems 
with Robinson, was put in touch with Tommy 
Flowers, a talented electronics engineer 
working for the Post Office at Dollis Hill. 

Tommy Flowers’ design solved the prob- 
lems of Robinson in an innovative way. 
Rather than using paper tape to store the 
pseudorandom sequence, Flowers replicat- 
ed it electronically using a huge array of 
valves. This saved using two tapes and 
solved the synchronisation problems. The 
use of valves for digital switching was also 
a groundbreaking step which offered a huge 
increase in operating speed over mechanical 
relays (valves at the time were regarded by 
most as unreliable components, used for 
amplifying analogue signals.) 

The design of Colossus started in March 
1943 and the first unit was operational at 
Bletchley Park in January 1944. Colossus 
was immediately successful, and the 
Colossus-Tunny combination allowed 
‘high grade’ German codes to be decoded 
in hours. This proved immensely useful 
during the D-Day landings. The parallel 
design of Colossus made it incredibly 
fast, even by today’s standards. 
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Two views of the rebuilt Colossus, the tape reader can be seen on the right in the 
photo above 


A total of ten Colossi were built, the design being improved 
and upgraded throughout the rest of the war. These machines 
were used to decode tens of thousands of intercepted messages 
and made a huge contribution to the Allied victory. 

At the end of the war, to keep their existence secret, the ten 
Colossi were dismantled and all the technical drawings and 
diagrams were burned. Their existence was to remain a secret 
for nearly 30 years. 


Colossus rebuild 

As already mentioned, information about what happened at 
Bletchley began to leak out in the 1970s. In the early 1990s a 
campaign was started to save what remained of the park from 
demolition (for housing). One of the campaigners was Tony 
Sale, who went on to become the first curator of the Bletchley 
Park Museum. (Tony Sale worked for many years with MI5, 
including a period as technical assistant to Peter Wright, of 
Spycatcher fame) 

In 1993, Tony Sale collected all the information available on 
Colossus, which amounted to a few wartime photos, some 
fragments of circuit diagrams and interviews with some of the 
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surviving design engineers. Armed with 
this information he decided to rebuild a 
Colossus. 

The rebuild project started in 1994 at 
Bletchley Park, on the site of the original 
Colossus number nine computer. By June 
1996 Tony Sale and his team were ready to 
switch on (albeit only working at a two bit 
level rather than the full five bits). The 
switch-on was performed by HRH the 
Duke of Kent on the 6 June 1996. Present 
also was Dr Tommy Flowers, the original 
designer. 


Full working 

In November 2007 Colossus was 
returned to full working order and deci- 
phered a teleprinter message transmitted 
by radio from Paderborn in Germany, 
where it had been encrypted by one of the 
original Lorenz cipher machines. The 
rebuild can be seen during the museum 
open days (see links at the end). For read- 
ers wanting more information on the 
rebuild, Tony Sale has a excellent website. 


PicoScope 

One of the problems with Robinson, the 
forerunner of Colossus, was the tape read- 
er. This read the tape containing the coded 
message in the ‘conventional’ manner, 
which involved mechanically driving the 
tape through the reader using the centre 
row of punched holes. This limited the 
speed to 1000 characters per second, as 
above this the tape would rip apart. 

An optical tape reader was designed for 
Colossus in 1942 by Dr Arnold Lynch, and 
could read at 5000 characters per second. 
This used an optical system to read not just 
the five bits of data, but also the row of holes 
that normally were used to mechanically 
drive the tape. The signals from this row were 
used as the clock pulse to synchronise the 
whole computer (in the same way as a mod- 
er computer is synchronised to a master 
clock). The benefit of this system is that the 
tape could be run on low- friction wheels and 
the speed of operation was not critical. 


The photocells and optical mask 
(below) The black tape on the top of 
the photocells is a modern addition to 
prevent pickup of the fluorescent lights 
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In the photograph of the Colossus 
rebuild, the tape reader can be seen on the 
right. A bright light is shone through the 
tape and focused onto hard vacuum photo- 
cells, one for each bit of data and one for 
the clock pulse. The photocells used in the 
rebuild are original Colossus parts. 

Before the light hits the photocells, it is 
‘shaped’ by passing through an optical mask 
(supported by the wooden frame on the left 
in the photo). This helps ensure the signals 
produced by the valves are of a uniform 
square shape. The black tape on the top of 
the photocells is a modern addition to pre- 
vent pickup of the overhead fluorescent 
lights! 

The Colossus rebuild at Bletchley is 
housed in a room with windows at one end 
for public viewing. Unfortunately, this 
makes the photocells difficult to see as 
they are at the far end of the room. To 
improve visitors’ understanding of what is 
happening at the tape reader, it was decid- 
ed to capture the signals from the photo- 
cells and display them on a PC-based 
oscilloscope. A PC-based oscilloscope was 
chosen as the large colour display from the 
monitor makes it ideal when several peo- 
ple want to see the data at the same time. 


Simple task 

When the technical team at Pico 
Technology volunteered to help display the 
signals, they thought the task would be a 
simple one. After all, they are used to con- 
necting oscilloscopes to computers with 
clock speeds thousands of times faster than 
Colossus — of course, the task proved a bit 
more involved than expected. 

The original idea was to place a PC and a 
PicoScope ADC-212 PC-based oscilloscope 
in the public viewing area and run the ana- 
logue signal from the valves down a long 
cable to the scope’s inputs. The problem was 
that the extra capacitance from the leads pre- 
vented the valves from operating correctly. 
To solve this problem one of the Pico techni- 
cians (David Sabine) built a high input 
impedance, low-capacitance buffer amplifier. 

The buffer amplifier takes signals from 
the photodiodes and transmits them along 
about 30 feet of cable to the PC-based 
scope. Power is also fed back up the cable 
to power the buffer amplifier. 

In the photo, above right, the buffer 
amplifier can be seen in place next to the 
optical tape reader. The cables are taken up 
through the roof void, across and down to 
the computer with the PC-based scope. 
Once connected up, the system worked 
first time. The top trace (blue) shows the 
clock pulse (from the narrow holes on the 
tape) and the bottom trace (red) shows one 
of the data streams from the tape. Below 
the scope display is one of PicoScope’s 
automated measurements to display the 
frequency of the clock signal. As you can 
see, this is very close to the 5000 charac- 
ters per second the tape reader was 
designed to run at. 


More information 

For more information on the Colossus 
rebuild project, visit Tony Sale’s website at 
www.codesandciphers.org.uk. 

If you are interested in visiting Bletchley 
Park (a good day out) visit www.bletchley 
park.org.uk 

Pico Technology www.picotech.com 


The Pico buffer amplifier and the tape reader (above). The PicoScope display is 
shown below 
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The Lorenz machine being taken to the Heinz Nixdorf museum in Germany by the 
army. Dr Tony Sale looks on. 
(Photographs: Bletchley Park Trust and Pico Technology) 
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The tiny droplet size resulting from the use of the 
‘espresso’ pump and a Spraying Systems nozzle can be 
seen here. In this case, the nozzle is aimed forwards 
and the car drives into the cloud of water droplets. 
These very effectively cool a front-mounted intercooler 
and as a bonus also help cool the other radiators! 


Low-Cost Imiereooler 
Water Spray Controller 


A cheap but sophisticated way of controlling a 


turbo car intercooler water spray 


OST TURBOCHARGED petrol 

and diesel car engines use inter- 
coolers — radiators that cool the air after 
it has been compressed by the turbo. An 
intercooler has the twin benefits of pro- 
viding more power (the intake charge 
is cooler and therefore denser) and, in 
the case of petrol engines, reducing the 
chance of detonation. 

In many cases though, the inter- 
cooler is too small for best performance 
— especially on hot days. This can be 
greatly improved by adding a water 
spray —the small droplets evaporate on 
the core, lowering its temperature. 

How do you trigger the spray? Many 
people use a boost pressure switch 
— but this wastes lots of water be- 
cause the spray operates even when 
the intercooler is cool. Another 
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approach is to use a temperature 
switch, but this also wastes a huge 
amount of water because it doesn’t take 
into account heat-soak (eg, when the 
car is stopped for a long time in traffic), 
where a simple temperature switch 
can continue to run the spray until 
the tank is emptied. Also, both types 
of switch cannot easily be adjusted for 
their switch-on points. 

Possibly the best way to trigger the 
water spray is on the basis of measured 
intercooler temperature and engine 
load; when both are high, the spray is 
switched on. This wastes very little 
water because the spray operates only 
when it is really needed. 

So now we know what we want 
— but how to get it? The answer is 
that the Smart Mixture Display project 


(described in the September 2006 is- 
sue of EPE) provides nearly all that we 
need. In fact, it provides even more 
features, with a colour LED bargraph 
that can be used to show intercooler 
temperature! 

To transform it into its new function 
we need add only a handful of compo- 
nents and make some simple changes 
to the PC board, none of which require 
cutting tracks. 

That makes it one very cheap and 
easy-to-build Intercooler Water Spray 
Controller! 


The Smart Mixture Display was 
designed to monitor the output of the 
oxygen sensor, which indicates the 
rich/lean status of the air/fuel ratio. 
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Fig.1: the circuit is virtually identical to the Smart Mixture Display, described in the September 2006 issue of EPE. 
An LM3914 IC drives the display LEDs, while op amp IC2b, transistor Q2 and Relay 1 control the water spray. 


Two inputs were provided — one from 
the oxygen sensor (with its output 
shown on an LED bargraph) and the 
other from a load sensor, such as the 
airflow meter. When the load was 
above a set threshold and the output 
of the oxygen sensor showed that the 
fuel mixture was lean, a piezo alarm 
sounded, to give a ‘lean-out’ warning. 

We have adapted the Smart Mix- 
ture Display to control a water spray 
controller. It needs a load input with 
an adjustable switching threshold, 
while the oxygen sensor input is con- 
nected to a thermistor, with its output 


configured to drop with increasing 
temperature. 

Therefore, with very little change to 
the existing project, the piezo alarm will 
sound when the intercooler tempera- 
ture and engine load are both high. But 
instead of operating a piezo buzzer, the 
circuit now operates a heavy-duty auto- 
motive relay, to switch a spray pump. 

Finally, so that the intercooler 
water spray won’t turn off during 
gear-changes or when the load is fluc- 
tuating rapidly, we add a one-second 
switch-on delay and a two-second 
switch-off delay. 
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1 PC board, code 584, available 
from the EPE PCB Service, 
size 121mm x 59mm 

1 BD682 PNP Darlington 
transistor (Q2) 

1 1N4004 silicon diode (D4) 

1 single-pole single-throw (SPST) 
30A automotive relay 

1 2200uF 16V electrolytic 
capacitor 

1 4.7kQ 0.25W resistor 

1 1.8kQ 0.25W resistor 

1 4.7kQ thermistor 


(UNDER BOARD) 
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Fig.2: this is the modified PC board layout for the Intercooler Water Spray Controller. Alternatively, 
you can build the Smart Mixture Display exactly as detailed in the Sept ’06 article instructions, verify 
that it is all working correctly and then modify it by following the step-by-step instructions in the 
article. Don’t forget the 4.7kQ resistor that’s fitted on the copper side of the board (shown in red) — it 


should be insulated from the tracks using heatshrink sleeving — see text. 


The Intercooler Water Spray Con- 
troller can be built in two ways. The 
first way — best if you’re a beginner 
—is to build the Smart Mixture Display 
exactly as per the original instructions. 
That way, you can test the final result 
and be sure that the device is working 
before undertaking the modifications 
that turn it into the Intercooler Water 
Spray Controller. 

The other way is to build the project 
from scratch as the Intercooler Water 
Spray Controller, incorporating the 
modifications as you proceed. Here 
are the modifications: 


THERMISTOR INPUT: as indicated earlier, 
a thermistor is used to sense inter- 
cooler core temperature — the resist- 
ance of the thermistor decreases with 
increasing temperature. So that the 
voltage signal received from the ther- 
mistor never drops to near zero (which 


would cause all the bargraph LEDs to 
be off), a 1.8kQ resistor is wired in 
series with it. It’s easiest to solder the 
resistor in-line with the cable going to 
the thermistor and then cover the lot 
with heatshrink sleeving. 

The thermistor/resistor assembly is 
then wired between the original Oxy- 
gen Sensor input (now the Thermistor 
Input!) and the ground connection. 

In order that it acts as a voltage 
divider, power needs to be supplied 
to the thermistor. This is achieved by 
wiring a 4.7kQ resistor between pin 7 
of IC1 and the thermistor input. The 
new resistor and its connecting wiring 
are most easily soldered into place 
under the PC board, with the additions 
insulated with heatshrink sleeving. 

As with all the PC board changes, 
Fig.2 shows where this resistor goes. 

If you have built the Smart Mixture 
Display and want to test the modifi- 
cations as you go along, you can now 
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At first glance it would seem that rather than measuring intercooler 
core temperature, it would be better to monitor actual intake air tem- 
perature. However, this is not so. Intake air temperature can rise sub- 


Stantially when the vehicle is stopped, for example, at traffic lights. 


However, if the stop is a short one, the intercooler will remain rela- 
tively cool. If intake air temperature was being monitored to trigger 
the spray, the spray would come on when the car was driven off under 
high load. But the intercooler would in fact still be cool — so water 
would have been wasted. 
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power up the board and check that 
when you heat the thermistor, the illu- 
minated LED moves along the scale. 


DARLINGTON TRANSISTOR: Q2, the origi- 
nal BC327 transistor, is not up to the 
task of supplying enough current to 
run a heavy-duty relay and so needs to 
be replaced. The selected replacement 
is a BD682 Darlington transistor. Note 
that the pinouts of this transistor are 


A simple pump/reservoir combination 
for an intercooler water spray can 

be cheaply obtained by using a 
windscreen washer reservoir and 


pump. 
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The Intercooler Water Spray Controller is based on the 
Smart Mixture Display, previously published in EPE. 
Seven new components are needed and the modifications 
are straightforward. The Water Spray Controller operates 
an intercooler spray whenever engine load and intercooler 


temperature are both above preset levels. 


not the same as the original BC327, 
so care must be taken in following the 
overlay diagram (Fig.2) and the photo- 
graphs when installing this device. 

At this stage, remove the 6800 resis- 
tor that is positioned on the PC board 
directly above Zener diode ZD4. Now, 
with the new transistor in place, the 
board should work as it did previ- 
ously. That is, by appropriately setting 
trimpots VR4 and VR5, LEDs 11 and 
12 should be able to be switched on 
and when they are both illuminated, 
the piezo buzzer should sound. 


DIODE AND RELAY: the relay and the 
transistor protection diode (D4) re- 
place the piezo buzzer. The 1N4004 
diode is placed so that its cathode (the 
white band) is towards the top of the 
PC board. Again, check the overlay 
diagram and photos. 

When you have inserted and sol- 
dered this diode in place, don’t cut the 
leads off short. Instead, leave enough 
of each lead protruding through the 
board to allow flying leads to be eas- 
ily soldered to them. Connect these 
flying leads to the relay’s coil contacts. 


ABOVE: two changes are made on 

the back of the PC board: (1) a 4.7kQ 
resistor is used to link pin 7 of IC1 
with the thermistor input (here the 
resistor is covered in heatshrink); and 
(2) two flying leads are added, one to 
each side of the diode that’s installed 
in place of the piezo buzzer. These 
flying leads connect to the relay coil. 


RIGHT: transistor Q2 is now a BD682. 
Its pinouts are not the same as the 
original BC327: the new transistor 
must be installed as shown here. 
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The nozzle (circled) sprays a fine mist of water over the intercooler to improve 
performance. A spray is especially beneficial when the intercooler is mounted 
under the bonnet. 


We suggest you use a heavy-duty auto- 
motive type relay, in which case these 
leads will usually connect to terminals 
85 and 86 on the relay. 

If you’re checking things as you go 
along, power up the board and confirm 
that the relay pulls in with an audible 
click whenever LEDs 11 and 12 are 
both illuminated. 


DELAY: the switch-on and switch-off 
delays are provided by a 2200uF 


capacitor wired in where the 680Q 
resistor previously resided. This won’t 
fit on the board, so it should be wired 
in place with insulated flying leads 
and then glued to the inside of the 
box or placed horizontally over the 
new diode. When viewed as shown in 
the overlay and photos, the capacitor 
should be wired with its negative lead 
to the right. 

Testing of the finished design should 
show that when LEDs 11 and 12 are on, 


The article on the Smart Mixture Display explains how the circuit 
works and lists in more detail the function of each LED and pot. But 
here’s a quick reference guide for when the circuit is being used as an 
Intercooler Water Spray Controller: 


® LEDs1-10: show temperature based on thermistor input, LED1 (red) 
indicating hottest and LED10 (yellow) indicating coldest 


@® LEDI11: ‘on’ indicates the trip point for temperature has been 
reached 


LED12 ‘on’ indicates the trip point for load has been reached 
VRI1 sets the cold end of the scale 

VR2 sets the hot end of the scale 

VR3 sets the night dimmer sensitivity 

VR4 sets the temperature trip point 


there is a short delay before the relay 
pulls in. Also, when one or both LEDs 
switch off, there should be a longer 
delay before the relay drops out. 

If you want to increase the length 
of these delays, increase the value of 
the capacitor — say by adding another 
2200uUF 16V capacitor in parallel. If 
you want to decrease the length of 
the delays, reduce the value of the 
capacitor. 

Note that because this capacitor 
provides an anti-chatter function, the 
lowest value that should be used is 
1000uF. 


if you wish to, you can alter 
the position of the LEDs to better 
indicate the rise in intercooler tem- 
perature. For example, you can swap 
the position of the green and yellow 
LEDs so that as temperature rises, the 
illuminated LED alters from green 
through to yellow and then red. Or you 
can replace some of the green LEDs 
with yellow LEDs, etc. 


Bench calibration 


Now for the calibration. First, set 
both trimpots VR1 and VR2 to their 
centre positions. That done, ensure 
that the thermistor is at room temp- 
erature (~20°C), then rotate VR1 until 
LED9 (yellow) lights. When it does, 
adjust VR1 a little further anticlock- 
wise until LED10 is just lit. 

Warming the thermistor with your 
hand should then move the illumi- 
nated LED from LED10 to LED9. 

Now use a heat-gun to further warm 
the thermistor. When it is just too hot 
to touch (eg, 55°C), rotate VR2 clock- 
wise until LED1 (the ‘hottest’ LED) 
lights. Make sure you don’t turn it so 
far the LED goes out. When the ther- 
mistor is again cold, you may need to 
tweak VR1, as the presets interact with 
each other to some extent. 

When calibrated in this manner, the 
bargraph display is then configured to 
show intercooler temperatures over 
approximately a 20 to 55°C range. Note 
that because of the thermistor’s charac- 
teristics, the bargraph isn’t linear — it 
needs a bigger change in temperature 
to move an LED at the hot end than it 
does at the cold end. 


Installation 


For remote installation, the thermis- 
tor should be soldered to some twin- 
core flex and the joins insulated with 
heatshrink sleeving. The thermistor 
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This Ulka solenoid pump is capable of extremely high 
pressure, resulting in a very finely atomised intercooler 
spray. The pump is normally used in espresso coffee 
machines and requires a small 12V DC to 240V AC 


inverter to run in car applications. 


should then be pushed well into the 
fins of the intercooler, inserting it from 
the rear of the core. This location will 
give the best indication of intercooler 
temperature. The thermistor may need 
to be held in place with a dab of sili- 
cone adhesive. 

The load input for the Intercooler 
Water Spray Controller can be taken 
from the airflow meter or MAP sen- 
sor outputs — or where these are not 
available, from the throttle position 
sensor. This can be done at the ECU 
or the sensor itself. Use the work- 
shop manual wiring diagram to find 
the load sensor output and then use 
your multimeter to check that it’s 
correct. The measured voltage on the 
load sensor output should rise with 
engine load. 

Note, however, that some cars use a 
frequency output on the airflow meter. 
In that case, use the throttle position 
sensor output. 

The intercooler water spray pump 
relay is best located under the bonnet, 
close to the pump. Test that when 
trimpots VR4 and VR5 are adjusted 
so that their adjacent LEDs are on, the 
pump turns on and the water spray 
operates. 


With an assistant in the car, drive 
the car and monitor the displayed tem- 
perature on the bargraph. The lit LED 
should move up and down the display 
with the variation in intercooler tem- 
perature. Adjust VR4 until its adjoin- 
ing LED lights when the intercooler 
is becoming warm. Then adjust VR5 
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until its adjoining LED lights when the 
car is coming onto boost. 

Drive the car so that the intercooler 
gets warm and the car is under load 
and check that both LED11 (intercooler 
temperature) and LED12 (load) light. 
When both have been lit for more 
than about a second, the water spray 
will operate. (If you want an on-dash 
indication that the water spray pump 
is running, wire a 12V pilot light in 
parallel with the pump.) 

After monitoring the displayed 
intercooler temperature, you may 
decide that you want to make further 
adjustments to the load or tempera- 
ture trip points. Another important 
aspect to keep in mind when setting 
these thresholds is water consumption 
— check this over a few weeks to make 


This Spraying Systems nozzle incorporates a filter. The 
nozzle gives far better results than the small garden 
irrigation nozzles that are widely used in intercooler 
spray applications. 


sure that you haven’t got the system 
tripping too early. 

The Intercooler Water Spray Con- 
troller can be mounted so that the bar- 
eraph LEDs can be seen by the driver 
or alternatively, the whole device can 
be located out of sight. 


Intercooler water sprays are a very 
effective and cheap way of upgrading 
intercooler performance. However, us- 
ing a ‘dumb’ system to trigger the spray 
often results in the need for frequent 
water top-ups. 

Compared with such an approach, 
the Intercooler Water Spray Controller 
is likely to reduce water consumption 
by up to two-thirds, with no loss in 
cooling efficiency. EPE 


Waters phayaaumpssAndiNozzles 


The cheapest and simplest pump and nozzle combination is to use 
a windscreen washer pump and reservoir and a miniature garden 
irrigation spray nozzle. 

A dramatic improvement in spray quality can be gained by using 
nozzle assemblies from US company, Spraying Systems. These incor- 
porate a mesh filter and provide much smaller droplet size than can be 


achieved with the garden nozzle, their UK website is www.spray-uk.com. 
These nozzles can be used with windscreen washer pumps. 


However, if you want an intercooler spray of almost unbelievable 
efficiency, use the Spraying Systems nozzle with an Ulka solenoid 
pump, as used in cappuccino coffee machines. These 240V AC pumps 
develop extremely high pressures, are designed to flow water, are light 
and small, and are quiet-running. In car applications, a small 12V DC 
to 240V AC inverter can be used to power them. Available from Bel- 
laBarista: www.bellabarista.co.uk. 


Teach-In 2008 


Part Four-Using alphanumeric LEDs under 


show you how to use an alphanumeric 

liquid crystal display (LCD) with your 
PIC projects, and then show a demonstration 
on a breadboard of the LCD being used as 
the visual output for an event counter. 

Towards the end of this part we shall say a 
bit more about the use of switches, particu- 
larly with regard to a program’s selective 
reaction to them. 

A detailed discussion of the fundamental 
aspects of an LCD’s control (but not using a 
PIC) is available for free download from the 
Resources section of the EPE website at 
www.epemag.co.uk. The article is called 
How to use Intelligent LCDs. 


I: this fourth part of Teach In 2008, we 


LCD connections 

A standard alphanumeric LCD is used, 
connected to the Control PCB described in 
Part 1, and for which pin connections were 
provided on the PCB -— those at the right- 
hand side of the PCB, annotated for LCD 
use. 

Referring to Fig.4.1 and ignoring the 
switches shown for the moment, wire your 
LCD to a connector suitable for plugging 
onto the Control PCB LCD pinouts. If you 
cannot obtain one, then the LCD connec- 
tions should be hard-wired and soldered to 
the pins. Ensure you get the connection 
order correct. 

Note that there is a variety of LCD pinout 
formats. Two of the most common are 
shown in Fig.4.2. Load the PIC with pro- 
gram TEACHINDO1.HEX. Once loaded, 
the program will go straight into the LCD 
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Fig.4.2. Two common arrangements for 
LCD pinouts 
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Fig.4.1. Circuit diagram for the examples in Part 4 


demonstration routines and show the simple 
message READ EPE on line | (top line). If 
it fails to do so, check your connections. 
Adjust preset VR1 until the best contrast for 
the display is shown. 

The source code for the program is shown 
in Listing 4.1 


CBLOCK and ENDC 


instructions 

The first five lines of code you have met in 
previous parts. The sixth line has the indent- 
ed (column 2) instruction: 


CBLOCK h'20' 


You have seen similar in the earlier parts, 
but the use of CBLOCK has not been 
explained. CBLOCK 1s a shorthand instruc- 
tion which allows a simple technique for 
specifying user register names and allocat- 
ing them to PIC addresses without using any 
address value, except for the value following 
CBLOCK, h'20". 

PICs have one or more areas of memo- 
ry reserved for user registers. For the 
PIC16F628, and some other PICs, h'20' 
(hexadecimal 20) is the earliest address 


value which can be used. The area avail- 
able then extends, for the F628, up to 
h'7F’. 

When CBLOCK is specified, any name 
that follows (set hard left on the screen/file 
page, in column 1) is allocated an incremen- 
tal value according to that specified in the 
CBLOCK statement. Thus, in Listing 4.1, 
RSLINE is automatically allocated with the 
address h'20', STORE is allocated as h'21', 
and so on. 

The allocation continues until the termi- 
nating ENDC statement is found (indented — 
column 2). 

Following ENDC, the _config statement is 
encountered as previously. It is followed by 
the ORG statements previously discussed. 


LCD display program 
routines 

We shall not explain in detail how the 
LCD is actually controlled, simply show 
how it can be done using a technique which 
you can follow in your own software. 

There are two main sections of code that 
you need for LCD control, both brought 
in at different program points using 
include statements. The first is a table 
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used towards the top of the program, in 
the same place as the table illustrated last 
month (we shall explain in a future part 
more about tables and how many you can 
use). It is in file LCDheader.inc. 

This file holds the initialisation commands 
necessary to set the LCD into 4-bit control 
mode. 

Whereas include files containing PIC 
register details, such as p16f628.inc, do 
not consume PIC memory, other include 
files containing program commands do 
consume PIC memory. It is worth remem- 
bering this fact if you are working close to 
a PIC’s memory program _ limit. 
Examining a program’s .Ist file shows 
memory use details. 

Next, follows another table, MESSAG, 
holding the data for a message to be 
shown on the LCD’s screen (READ EPE). 
Neither table is accessed by the program 
until later. 

Now follows the instruction to input 
another include file, LCDroutines.inc. 
This holds a number of subroutines asso- 
ciated with LCD control, as described 
shortly. 

Then comes label STARTIT and the 
PICs initialisation commands, as dis- 
cussed previously. The value then sent to 
the OPTION_REG is different to that pre- 
viously used. The PORTB pullups are 
turned off by setting bit 7 to 1, as they are 
not needed. 

OPTION_REG’s bits 1 and 2 are also 
shown to be set. The reason is to do with 
the PIC’s internal timer, TMRO, being used 
in this program, and the first three bits (0 to 
2) of OPTION_REG determine its rate. 
This is discussed later, suffice to say for 
now that use of the timer provides several 
delay periods necessary for the correct ini- 
tialisation of the LCD, and is of use for 
other purposes too, used in earlier parts, 
but not explained then. 

The first delay period is called following 
the BANKO statement: call PAUSIT. This 
too will be discussed later. The sub-routine 
PAUSIT is not shown in Listing 4.1. 

Now follows call LCDSET. This accesses 
the routine of that name, held in the 
LCDroutines.inc file. This routine performs 
the LCD initialisation. It is followed by 
another delay caused by the call to PAUSIT. 
This allows the LCD time to ‘settle in’ to the 
configuration given to it. 

A call is then made to the routine starting 
at label LCDMSG. This sends data for dis- 
play on the LCD. First, a counter, LOOP, is 
cleared. Then the command bsf RSLINE,4 
is given. This instructs the LCD, via its RS 
line connected to PORTB pin 4, that the 
data about to be sent is intended for display, 
rather than as initialisation commands, for 
which RSLINE,4 was cleared as part of that 
routine. 

The value in LOOP is now copied into W 
and the table held at MESSAG is called. As 
discussed last month, the table line pointed 
to by the value in W is accessed — retlw ‘R’. 

‘R’ is the letter required to be shown on the 
LCD at this moment. The assembly program 
translates the letter held between the single 
quotes into its ASCII value. The LCD’s 
internal character generator then displays the 
ASCII character specified. 

The value of LOOP is then incremented, a 
check is made that the value is not greater 
than required at this time (btfss LOOP,3), 


Listing 4.1 
; TEACHINDO1.ASM 25MAY07 - TEACH IN 2008 PT4 


#DEFINE BANKO BCF STATUS,5 
#DEFINE BANK1 BSF STATUS,5 
list p=16f628 


include p16f628.inc 


CBLOCK h'20' 
RSLINE 
STORE 
LOOP 
LOOPA 
CLKCNT 
ENDC 


__ config $3F30 


ORG 0 
goto STARTIT 
ORG 4 
goto STARTIT 
ORG 5 


goto STARTIT 
include LCDheader.inc 


MESSAG addwf PCL,F 

retlw 'R' 
retlw 'E' 
retlw ‘A’ 
retlw 'D' 
retlw | ' 

retlw 'E' 
retlw 'P' 
retlw 'E' 


include LCDroutines.inc 


STARTIT clrf PORTA 
clrf PORTB 
movlw $07 
movwf CMCON 


BANK1 

movliw b'00000000' 
movwf TRISA 

movliw b'00000000' 
movwf TRISB 

movlw b'10000110' 
movwf OPTION_REG 
BANKO 


call PAUSIT 


MAIN call LCDSET 
call PAUSIT 


call LCDMSG 
NOMORE goto NOMORE 


LCDMSG clrf LOOP 
bsf RSLINE,4 

LCDMS2 movf LOOPRW 
call MESSAG 
call LCDOUT 
incf LOOPRF 
btfss LOOP.3 
goto LCDMS2 
return 
END 
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; define register bit 5 clear as 


; BANKO 


; define register bit 5 set as BANK1 


; tell MPASM-type programmer to 


; create a list (LST) file 


; bring in all standard register values 


‘internal 4MHz oscillator 
- reset vector 


; interrupt vector address 


; PIC program memory location at 


‘ which to start 


; (command could be placed later) 


; Clear PORTA’s output if any 
; Clear PORTB’s output if any 


; needed by some PICs, 


; So that PORTA is a digital port 


> all PORTA as output 


; data direction register for PORTA 


; PORTB as output 


; data direction register for PORTB 


; timer 1:128, pull-ups off (bit 7 = 1) 


‘hold here ad infinitum! 


; Clear loop 

; set RS for data send 
; get table address 

; get message letter 

- show it 

; inc loop 


‘has last LCD letter been sent? 
; no, so repeat for next one 
; return to the main program 
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and if not, repeats the process by jumping 
back to LCDMS2, displaying the next table 
letter called. 

In the counter check, it is known that the 
table is eight commands long. The binary 
value for eight is b’00001000’, so it is mere- 
ly a matter of checking if bit 3 of LOOP is 
now set, and terminating the loop if it 1s. 
There are other techniques available for 
checking a counter’s status. 

When loop termination occurs, the pro- 
gram returns to where it came from with the 
simple command return, to label 


Fig.4.3 LCD screen for the first example 


NOMORE. The action goto NOMORE is 
now repeated indefinitely until the program 
is reset or the power is switched off. In 
another program, any other required routine 
would normally be entered at this point. 


LCDroutines.inc content 

It is worth highlighting a few other LCD 
control routines held within the 
LCDroutines.inc file. The routine we have 
just used is that at LCDSET. 

There are also several lines of code which 
specify the LCD character cell at which a 
display starts, such as: 


LCD1: movlw b’10000000’ 
goto LCDLIN 


and 


LCD21: movlw b’11000011’ 
goto LCDLIN 


The first specifies that cell 1 of line 1 
should be the starting point. The location 
values are one higher than the binary values 
would indicate. This is for human conve- 
nience only! 

The initial 1 of the binary value is a code 
value involved in LCD commands. The next 
0 specifies the line (0 + 1 = 1), and the last 
three digits specify the cell number, in bina- 
ry (O00 in this instance) (0 + 1 = 1). 

The second example thus specifies that 
line 1, cell 4 is the starting point (remember, 
binary value + 1 in each case). 

The call to LCDLIN causes the command 
at that point to set the LCD into the mode for 
dealing with format commands. The com- 
mand is then sent to the LCD via the LCD- 
OUT routines, which are common to LCD 
commands and display data. 

There are also two routines which allow 
all cells on a given line to be cleared to a 
blank display — CLRLINEI and CLR- 
LINE2. Simply calling these routines from 
a program causes the specified clearance to 
be done. 

If there are starting cells other than those 
already provided for, you may add similar 
lines for them and resave the file. There is, 
though, an argument in favour of simply 
copying/creating cell address lines actually 
within your program, as they take up pro- 
gram memory, which may be problematic in 
larger programs running into space shortage. 
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Fig.4.4. Breadboard layout for Fig.4. 1 


Note that if you do not specify a start- 
ing cell address for any new batch of dis- 
play data, the LCD will simply follow on 
with the next location which it thinks is 
available. 


Value conversions 

There is also another include file available, 
containing other useful LCD routines, 
LCDconversions.inc: 


SHOWHEX_ (show 4-digit hexdecimal 


value) 

SHOWDEC (show 5-digit decimal 
value) 

BIN2HEX — (convert a binary value to 
hexadecimal) 


At the head of the file are the register 
names needed for the routines. Copy them 
into the CBLOCK section of your program 
and remove the semicolons from in front of 
them. 

The routine at BIN2HEX converts a 2- 
byte binary value (held in CONVCOUNTI1 
(MSB) and CONVCOUNTO (LSB)) into a 
4-digit hexadecimal value held in CON- 
VDIGIT4 (MSB) to CONVDIGIT1 (LSB). 

SHOWHEX shows the hex value held in 
CONVDIGIT4 (MSB) to CONVDIGIT1 
(LSB). 

The routine at SHOWDEC causes the dis- 
play of a 5-digit decimal value held in CON- 
VDIGITS to CONVDIGIT1. 

To use the routines in this file, copy the 
values you want into the specified registers 
(study the .ine file). Then specify the LCD 
cell at which you wish the display to com- 
mence, e.g. call LCD1 to start at line | cell 
1, and then call the conversion routine, e.g. 
call BIN2HEX for binary to hexadecimal 
conversion display. 


Event monitor 

We can now move on to showing how an 
event monitor can be created, outputting the 
quantity of events to the LCD for display. 
The quantity is input in response to pressing 
two switches, one to count up, the other to 
count down. 

Assemble the breadboard as shown in 
Fig.4.4, with the three switches S1 to S3, the 
two LEDs D1 and D2, and resistors R1 to 
R5. The switches are connected to PORTA, 


bits 0, 1 and 4, used as inputs. They are 
biased normally low by the resistors. 
Pressing a switch applies a high logic level 
to the associated input. The LED common 
cathodes are controlled by PORTA bits 2 and 
3, with R4 and RS as their bias resistors. 

Load the PIC with TEACHINDO2.asm 
and let the program run. Part of its listing is 
shown in Listing 4.2. 

Press switch S1 to count up and LED D1 
turns on. Release S1 and the LED turns off. 
Press switch S2 to count down and LED D2 
turns on. Release S2 and the LED turns off. 

While either switch is pressed, a hexa- 
decimal value now appears incrementing 
(S1) or decementing (S2) on LCD screen 
line 1, and an equivalent decimal value on 
line 2, 

Note that if S2 is pressed and the total 
count value is already less than certain val- 
ues, an excessively large number can appear; 
some of the registers have been at zero, and 
are now decremented, rolling over from zero 
to 255. There are ways around this, which 
should become obvious. 

Much of the program is the same as in 
Listing 4.1. The first thing to notice in the 
full listing (not shown) is the inclusion of 
extra registers within group 2 in the 
CBLOCK section. These are to do with the 
BIN2HEX routine that is called in at the end 
of the listing via the command include 
LCDconversions.inc. The third group of 
registers is for the binary to decimal conver- 
sion routine called in at the very end as 
mathsbin2dec.inc. 

Next, the previous MESSAG table has 
been replaced by another’ called 
OVERTABLE, with different characters 
within it. 


Switch check 

Following label STARTIT (Listing 4.2), at 
MAIN, has been placed a routine to check 
whether switches Sl or S2 have been 
pressed. If they have not, the check is again 
made, repeatedly until one or other is 
pressed. 

If Sl has been pressed, the routine at 
label MAINI is entered. The program 
then turns on LED D1 to indicate that 
the switch has been pressed (bsf 
PORTA,2). Register COUNTA is incre- 
mented, but with a different command to 
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that previously seen. Instead of incf, the 
command has become incfsz (increment 
file, skip if zero). 

This command increments the register as 
before, but also performs a check to see if 
it has rolled over to zero. (Remember that 
a byte can never hold more than a value of 
255, and when that byte is being incre- 
mented, it can roll over to zero and then 
continue counting up again, as previously 
explained.) If it has not become zero, the 
next command performed is that at 
MAIN2A. 


LCD display 

Now the command call LCD1 is per- 
formed, and a routine within the included 
LCDroutines code sets the LCD to start 
the display from cell | on line 1. The 
hexadecimal value is then shown via the 
included file for the LCDroutines code. 
The LCD starting address is then 
changed to cell 1, line 2 with the com- 
mand call LCD21. Following this, a con- 
version of the binary count to decimal is 
called within the included mathsbin2dec 
code. 

(Some years ago, EPE reader Peter 
Hemsley wrote a suite of maths programs 
that were published in EPE. The routines 
include such functions as binary to deci- 
mal conversion, and several others of use 
to programmers. The full suite is on the 
EPE Downloads site. The binary to deci- 
mal conversion routine has been compiled 
into the separate mathsbin2dec.inc file 
used here.) 

The switch is then checked again to see if 
it is still pressed. If it is pressed, the count- 
ing routine at MAIN2 is repeated. 

When COUNTA has rolled over to zero, 
command incfsz COUNTB,F is_per- 
formed, which does a similar increment 
and zero check for register COUNTB. If 
COUNTB has rolled over to zero, 
COUNTC is incremented. Thus we are 
building up a 3-byte counter, capable of 
counting up to 16777215 (256 x 256 x 
256 — 1). If any COUNTer has not yet 
become zero, again the routine at 
MAIN72A is actioned. 

When COUNTC becomes zero, the com- 
mand call OVERFLOW is performed. At 
OVERFLOW a routine shows the word 
OVERFLOW, held =in_ the table 
OVERTABLE. This table is accessed in the 
same way as the READ EPE message table 
earlier. 

Now the WAITRELEASE routine is 
entered, at which the release of switch S1 
is waited, before the process repeats from 
label MAIN. 


Decrementing 

The decrementing routines are similar, 
but do not include an OVERFLOW check 
for when the count value becomes too low 
(effectively negative) to be correctly decre- 
mented (ways round this will become 


Fig.4.5. LCD screen for the second 
example 


STARTIT 


MAIN 


MAIN1 
MAIN2 


MAIN2A 


MAINS 


OVERFLOW 


OFL2 


WAITRELEASE 
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Listing 4.2 


clrf PORTA 
clrf PORTB 
moviw $07 


movwf CMCON 


clrf COUNTA 

clrf COUNTB 

clrf COUNTC 
BANK1 

movliw b'00000011' 
movwf TRISA 
movliw b'00000000' 
movwf TRISB 
movlw b'100001 10' 


movwf OPTION_REG 


BANKO 
call PAUSIT 


call LCDSET 
call PAUSIT 


bcf PORTA,2 
bcf PORTA,3 
btfsc PORTA,O 
goto MAIN1 
btfsc PORTA, 1 
goto DECIT 


goto MAIN 
bsf PORTA,2 


* call PAUSIT 
incfsz COUNTA,F 


goto MAIN2A 
incfsz COUNTB,F 
goto MAIN2A 
incfsz COUNTC,F 


goto MAIN2A 
call OVERFLOW 


goto WAITRELEASE 


call LCD1 


call SHOWHEXVAL 


call LCD21 


call SHOWDECIMAL 


btfsc PORTA,O 
goto MAIN2 
call PAUSIT 
goto MAIN 


call LCD1 

clr LOOP 

bsf RSLINE,4 
movf LOOPR,W 
call OVERTABLE 
call LCDOUT 
incf LOOPRF 
btfss LOOP.3 
goto OFL2 
return 


btfsc PORTA,O 


goto WAITRELEASE 


call CLRLINE1 
call CLRLINE2 
goto MAIN 


; Clear PORTA’s output if any 

; Clear PORTB’s output if any 

; needed by some PICs, including 
PIC16F628 

; So that PORTA is treated as digital 
port 


; PORTA 0 & 1 as input 

; data direction register for PORTA 
; PORTB as output 

; data direction register for PORTB 
; timer 1:128, pull-ups off (bit 7 = 1) 


‘no, turn off LED D1 
‘no, turn off LED D2 

; is switch S1 pressed? 
» YES 

; is switch S2 pressed? 
» YES 


male) 


; yes, turn on LED D1 


; yes, inc COUNTA (LSB), is it = 

" Zero? 

;no, goto MAIN2A 

; yes, so inc the next counter byte 
; (NSB), is 

‘it = zero? 

;no 

; yes, inc the next counter byte 

; (MSB), is it = zero? 

; no 


; set LCD for display from line 1 cell 1 


; set LCD for display from line 2 cell 1 


;is $1 still pressed? 

; yes, inc COUNTA again 

; allow for switch bounce 

; go back and wait next press of S1 


; Clear loop 

‘set RS for data send 

; get table address 

; get message letter 

‘ show it 

; inc loop 

‘has last LCD letter been sent? 
; no, so repeat for next one 

; return to the main program 


;is S1 still pressed? 
; yes, wait until released 


; and start again Continued 


next page 
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apparent later in the series — we don’t want 
to overload you with too many commands 
to take in at one time!) 


Too fast 


As will become apparent, the speed of 
counting can occur faster than you might 
prefer. The rate can be decreased by insert- 
ing acall to PAUSIT at label MAIN2. Delete 
the semicolon present there to bring that 
command into play. 

Once you understand PAUSIT’s timing, 
you could write a shorter (or longer) delay 
routine and call that instead. The TMRO 
timer and its implications will be discussed 
in a future part. 


Another thing to think about 

Until Part 5, keep on thinking as a pro- 
grammer by considering how you would 
arrange the door switches and displays for 
use in an aircraft or train WC. You now 
have an LCD to help with the displays. 

Keep in mind the privacy of an occupant 
when present, and let others know whether 
the WC is free or not. Add whatever fea- 
tures you think might be appropriate, such 
as extractor fan and motorised WC flush 
controls. Should you allow its use when 
standing in a_ Station or on _ the 
runway”? 


Questions and answers entirely up to you! 


PAUSIT 


PAUSE 


Listing 4.2 (Continued) 


movlw 5 ; set delay counter to 5 
movwf CLKCNT ; (for 1/25th sec x 5) 

clrf INTCON ; Clear interupt flag 

; initial 1/5th sec wait before 
setting up LCD 

‘has a timer time-out been 
detected? 

goto PAUSE “no 

bcf INTCON,2 ; yes 

decfsz CLKCNT,F ‘dec counter, is it zero? 
goto PAUSE “no 

return ; yes 


btfss INTCON,2 


bsf PORTA,3 


decfsz COUNTA,F ‘inc COUNTA, is it = zero? 

goto DEC2 “no 

decfsz COUNTB,F ; dec the next counter byte 
(MSB), is it = zero 

goto DEC2 “no 

decfsz COUNTC,F ; inc the next counter byte 
(MSB), is it = zero 

goto MAIN2A 


include LCDroutines.inc 
include LCDconversions.inc 
include mathsbin2dec.inc 


END 
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ELECTRONICS TEACH-IN 


BY MIKE TOOLEY plus FREE CD-ROM 
ONLY £6.99 FROM WHSMITH 


£8.50 including p & p — from our Direct Book 
Service 


A broad-based introduction to electronics — find out how circuits 
work and what goes on inside them. Plus 15 easy-to-build 
projects. The 152-page A4 book comes with a free CD-ROM 
containing the whole Teach-In 2006 series (originally 

published in EPE) in PDF form, interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — plus 
a specially written TINA Tutorial), together with simulations of the circuits in the 
Teach-In series, plus Flowcode (a limited version) a high level programming system 
for PIC microcontrollers based on flowcharts. 


Available from larger branches of WHSmith or see our Direct Book Service 
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INTERFACES 


Robert Penfold 


SHAPING UP WITH VISUAL BASIC 2008 EXPRESS EDITION 


ecent Interface articles have covered 

the lack of any Shape components in 
modern versions of Visual BASIC. These 
components make it easy to draw and edit 
such things as virtual control knobs, 
switches, and analogue readouts. 

Of at least equal importance, they make 
it very easy to control the onscreen virtu- 
al world created from the basic shapes. 
For example, changing an analogue read- 
out such as the pointer of a virtual panel 
meter usually requires nothing more than 
the alteration of two co-ordinates, which 
can be achieved using a single line of 
code. Unfortunately, the Shape compo- 
nents have been phased out and are not 
present in versions later than Visual 
BASIC 6. 


Switch to manual 
As pointed out in 


Once loaded they can be used in the 
normal way, and the Visual Express 2005 
then makes a good substitute for Visual 
BASIC 6 for those wishing to produce 
virtual panel meters, rotary controls, etc. 
It has the advantage of being free, and 
more compatible with recent Windows 
operating systems. 

The only real drawback is that its ver- 
sion of the BASIC programming lan- 
guage is a bit different to the one used in 
Visual BASIC 6, and most other versions 
of BASIC. This can make it difficult to 
use at first if you are an experienced user 
of practically any other BASIC program- 
ming language. 


Choose Toolbox /tems 


The Express versions of the Microsoft 
programming languages have also been 
updated, and the free version of Visual 
BASIC is now Visual BASIC 2008 
Express Edition. As far as I can ascertain, 
all the Express editions remain permanent- 
ly free and retain the fairly liberal licensing 
conditions of their predecessors. 

Numerous changes have been imple- 
mented in the new edition of Visual 
BASIC Express, but few (if any) of these 
seem to have any real relevance to the 
production of simple software for PC 
hardware add-ons. If nothing else, it 
should give better compatibility with 
Windows Vista. 

In the past, improvements to Visual 
BASIC have actually 
made it more diffi- 
cult to produce this 
type of software. The 


previous articles, there NET Framevrak Compenents COM Congroments 
is a free add-on that 
can be used to provide | ‘tenant ig 
modern versions of te. ee Nee : 
Visual BASIC with saber’ daind Wi 
something comparable Mionaiehialbaai 
to the Shape compo- Syatem Webs. Web. 
nents of Version 6. I ~ RangeValidator System .Web.LIl_Moabi 
incorrectly stated that _— RangeValidator System.Web.UI. Web 
the PowerPack 2. soft- _ ReceiveActivity System Workflow Ar 
ware would only work 2 Microsart.Viswemasic 
with the full version of 

Visual Studio, and that 
it would not load into 
the free Express ver- 
sion of Visual BASIC. 
I am grateful to a few 
readers for pointing 
out that this is not 
strictly true, and that 
the PowerPack 2 soft- 


disappearing Shape 
components are one 
example of this. I 
have not yet had time 
to fully assess the 
new Express version, 
but it does not seem 
System .Web.M. Global ... to be fundamentally 
oystem Web (2... Global different to the previ- 
una, ) aaa ; ous edition. Once 
Sytem WebM.. Global ‘up and = running’ 
Systern.Wab (2... Global (Fig.2), the 2008 edi- 
Microsoft: V/SDe... Global .. tion looks much the 
System Runtim,.. Global .. Same as the 2005 
System.Web (2... Global .. version, with the 
; same screen layout 
and essentially the 
Same menu system. 
It is sufficiently 
different to its prede- 


Assembly Kame Directory 
Micrcaott. VSDe.,. (Slobal 
System. Winds... Global .. 
System Web (2... Global 
Microsoft. Vigua... Global ... 
System. Web (2... Global ,, 


— 
| 


Syste Webs.) Mati 

.. System.Web.UI. Web 
Microsoft. VSDesigns... 
System Puuntime.Re 
System Web. Lil Wala, . 


Access lhalaSour ie 
e Language: = Invariant Language (invariant Country } 
Vers lH: 2000 


ware can actually be 
used with Visual 
BASIC 2005 Express. 

However, it is true 
that installing this 
software will not 
result in the new com- 
ponents automatically 
appearing in the relevant section, as will 
normally happen with the full version, but 
they can be loaded manually. I had, in 
fact, tried to do this, but made a mess of 
quite a simple process. It is just a matter 
of going to the Tools menu and choosing 
Select Toolbox Items. This produces a 
popup window (Fig.l) where the check- 
boxes for the three individual Shape com- 
ponents must be ticked. 

Make sure that the .NET Framework 
Components tab is selected, as this is the 
section where they will be listed. There is 
no Microsoft prefix to the names, and 
they cannot be loaded together under the 
PowerPack 2 name. The components are 
called ‘LineShape’, ‘OvalShape’, and 
“RectangleShape’. 
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Fig.1. The Shape components will not be loaded automatically when using the 
Express edition, but they can be loaded manually under their individual names 


All change 

I suppose that one should eagerly await 
the arrival of new and improved versions 
of software, but I doubt if many actually 
do so these days. Changing to a new ver- 
sion of a program often seems to mean 
replacing one that works reasonably well 
with one that offers no real advantages, 
but does bring some new problems that 
have to be ‘ironed out’. 

Somewhat earlier than many had antic- 
ipated, Microsoft has launched a new ver- 
sion of Visual Studio in the form of 
Visual Studio 2008. The full version of 
Visual BASIC is part of Visual Studio, 
and therefore becomes a new version 
called Visual BASIC 2008. 


cessor to preclude 
simply loading exist- 
ing programs so that 
they can be edited in 
the new version. 
They have to go 
through a conversion 
process first, and as 
often seems to hap- 
pen with this type of thing, the screen 
layout can become slightly scrambled. 
This can occur even when converting 
simple programs. If things go seriously 
awry it is better to start ‘from scratch’. 


Positive gains 

On the plus side, the Shape components 
of PowerPack 2 seem to work just as well 
with the 2008 edition as they did with the 
previous versions. There are three tabs 
when the Choose Toolbox Items window 
appears, but as before, it is the .Net 
Framework Components tab that must be 
selected. It is worth looking down the list 
of available components to see if there are 
any others that might be of use, but many 
of them are rather specialised in nature. 
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Inpout32.dll seems to work normally 
with the new edition, but as before, it 
requires a new module to be installed in 
order to make Visual BASIC recognise 
the two additional commands. The mod- 
ule is added by going to the Project menu 
and selecting the Add Module option. 

The pop-up window that appears is 
then used to provide a name for the new 
module, or the default can be accepted. 
You are then taken to the appropriate 
section of the Code window, where the 
following code is then entered for the 
module: 


Option Strict Off 
Option Explicit On 
Module inpout 


Public Declare Function Inp Lib 
“inpout32.dH” Alias “Inp32” (ByVal 
PortAddress As Short) As Short 

Public Declare Sub Out Lib 
“inpout32.dIl” Alias “Out32” (ByVal 
PortAddress As Short, ByVal Value As 
Short) 

End Module 


device much as if it was connected to a 
real serial port. It is not normally possible 
to swap data via a virtual serial port using 
the direct addressing method, since no 
conventional serial port hardware is pre- 
sent. However, it should be possible 
using a component such as the Visual 
BASIC SerialPort type. Proper communi- 
cation with the virtual port will be 
obtained provided the virtual serial port 
has been correctly installed in Windows 
using suitable driver software. 

As an initial test of Visual BASIC 2008 I 
tried producing an equivalent to the 
dummy panel meter featured in the previ- 
ous Interface article. With the aid of the 
Shape components this proved to be quite 
easy, and it was also quite straightforward 
to take things a stage further and make the 
meter respond to readings from the parallel 
port (Fig.3). Anyway, the software in 
future Interface articles will be written 
using Visual BASIC 2008 Express rather 
than version 6. Visual BASIC 2008 
Express can be downloaded from: 

http://www.microsoft.com/express/ 
vb/Default.aspx 
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Fig.2. The 2008 version looks much the same as its predecessor, and is used in 
much the same way. Programs from Visual BASIC 2005 Express must be 
converted before they can be loaded into the new version 


There was an ActiveX control in Visual 
BASIC 6 that was something of a ‘mixed 
blessing’, but it did provide a means of 
communicating with PC serial ports. A 
different component (SerialPort) is pro- 
vided with all versions of Visual BASIC 
2005, and this has been retained in Visual 
BASIC 2008 Express. As pointed out in 
previous Interface articles, the ability to 
communicate with the serial ports of a PC 
remains a useful facility, even though 
there are now relatively few PCs that 
actually have these ports. 

It can be useful because one way of 
interfacing to a PC is via a virtual serial 
port. In the past, a virtual serial port was 
mainly used to communicate with a gad- 
get fitted in one of the computer’s PCI 
expansion slots. These days it is more 
likely to be a device connected to a USB 
port, but in either case it is possible to 
read from and write to the peripheral 


The program must be registered in 
order to go on using it beyond the 30 day 
trial period, but registration is free. 


Old PC projects 

The disappearing legacy ports make life 
difficult for anyone trying to use old projects 
with a modern PC. Serial ports are now vir- 
tually extinct. Parallel ports are actually 
included on a fair proportion of desktop PCs, 
but have been conspicuously absent on note- 
book and laptop PCs for some time. Both 
types of port will become part of PC history 
in the not too distant future. 

This is not to say that it will be impos- 
sible to use old projects that interface via 
serial and parallel ports unless you keep 
an old PC in working order. There is a 
potential way around the problem in the 
form of add-on ports that either connect 
to a USB port or are based on a PCI 
expansion card. 
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Fig.3. A virtual panel meter reading 
from a parallel port. This makes use of 
the add-on Shape components and 
Inpout32.dlll, all of which seem to work 
well with Visual BASIC 2008 Express 


These make use of virtual port techniques, 
and some are quite effective. Unfortunately, 
others provide only a partial simulation of a 
serial or parallel port, and will not work with 
some peripheral devices. 

On the face of it, add-on circuits that 
are controlled using direct addressing of 
the ports will not work with any form of 
virtual port. In other words, it would 
appear that PC projects that utilize 
Inpout32.dll, or any similar utility, will 
not work with add-on virtual ports. This 
is not necessarily the case though, and in 
the past I have used direct addressing 
successfully with parallel ports imple- 
mented via a PCI expansion card. 

This was made possible using a utility 
program provided with the card. The pur- 
pose of this program was to intercept read 
and write operations to the relevant 
addresses, and then replace them with a 
routine that contacted the real port hard- 
ware in the appropriate fashion. This 
enabled the virtual port to be used in 
exactly the same way as the genuine arti- 
cle. Not all add-on ports have this capa- 
bility, so it is obviously necessary to 
make sure that you buy the right type. 

There is a potential problem with this 
roundabout way of doing things in that it 
is likely to be slightly slower than direct- 
ly addressing a real port. Any lag is like- 
ly to be very slow though, and it was cer- 
tainly not a problem with any of the pro- 
jects that I used via a virtual parallel port. 


USB 

With the PC legacy ports gradually dis- 
appearing, there are two main choices left 
for those wishing to interface there own 
add-ons to a PC. These are the PCI expan- 
sion bus and the USB ports. The PCI 
expansion bus is not really a conventional 
computer bus of the same type as the now 
defunct ISA bus. It is really a form of par- 
allel input/output port. The USB ports are a 
more popular choice for do-it-yourself 
add-ons, since they are readily accessible, 
and they are present on all reasonably 
modern desktop and portable PCs. 

A drawback in both cases is that the 
ports are integrated with the operating 
system to a much greater degree than the 
legacy ports. Any add-ons that use these 
ports have to be installed in Windows just 
like any other peripheral devices, which 
clearly complicates matters. There are 
ways around this problem though, and 
using USB ports with PC projects will be 
considered in future Interface articles. 
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Readers’ Circuits 


Ingenuity Uniimited 


Our regular round-up of 
readers’ own circuits. 

We pay between £10 and 
£50 for all material pub- 
lished, depending on length 
and technical merit. We're 


looking for novel applications and circuit designs, not simply mechani- 
cal, electrical or software ideas. Ideas must be the reader's own work 
and must not have been published or submitted for publication else- 
where. The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in this col- 
umn should be typed or word-processed, with a brief circuit description 
(between 100 and 500 words maximum) and include a full circuit dia- 
gram showing all component values. Please draw all circuit schematics 
as Clearly as possible. Send your circuit ideas to: Ingenuity Unlimited, 
Wimborne Publishing Ltd., Sequoia House, 398a Ringwood Road, 
Ferndown, Dorset BH22 9AU. (We do not accept submissions for IU via 
email.) Your ideas could earn you some cash and a prize! 


Infrared Proximity Switch — Closely Turned On 


LOW component count, easy to con- 

struct and compact circuit of a gener- 
al-purpose infrared (IR) proximity detector 
switch is shown in Fig.1. 

The circuit is built around the LM567 
phased-locked loop (PLL)/tone decoder 
(IC1). It is configured to oscillate at a cen- 
tre frequency of about 5kHz, as set by RC 
timing components resistor R5 and capaci- 
tor C2. Output pulses from IC1 pin 5 mod- 
ulate the IR LED within sensor module 
SFH900, [C3, with the help of driver tran- 
sistor TR1 and associated components. 


IC3 
SFH900 


Resistor R1 sets the operating current of 
the internal IR LED, and hence the detec- 
tion range of the circuit. 

The circuit is powered by the regulated 
5V supply from the output of IC2. Diode D1 
is a simple input polarity guard. Capacitors 
C5 to C8 provide buffering and filtering of 
the inputs and outputs. In standby mode, the 
output at [C1 pin 8 is at a high level and the 
solid-state relay is in the off state. 

When infrared light, reflected by any 
near-by object, is received by the photo 
transistor inside IC3, it is fed to IC1 input 


C6 
100n 


FUSE TO 
SUIT 


TO 
LOAD 


pin 3 through capacitor Cl. If the received 
signal is within the pass-band, the output at 
IC1 pin 8 goes low, turning on the relay. 
Resistor R7 limits the relay’s operating 
current. This condition is maintained as 
long as the reflected signal is available at 
the circuit input. 

The IR sensor and relay types are not 
crucial and equivalents may be used, 
although the values of resistors R1, R2 and 
R7 may need changing to suit. 

T.K. Hareendran 
Kerala 
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Fig.1. Circuit diagram for the general purpose Infrared Proximity Switch. Note that IC1 pins 5 and 6 are the timing element pins 
and that pins 1 and 2 are the output filter and low-pass filter pins respectively 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS PROJECTS ELECTRONICS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


ELECTRONIC CIRCUITS & COMPONENTS V2.0 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


DIGITAL ELECTRONICS V2.0 


Filter synthesis 


Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (8 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


ANALOGUE FILTERS 


Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain how 
filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active filters. 
Passive Filter Design which includes an expert system and filter synthesis tool 
for the design of low-pass, high-pass, band-pass, and band-stop Bessel, 
Butterworth and Chebyshev ladder filters. Active Filter Design which includes an 
expert system and filter synthesis tool for the design of low-pass, high-pass, band- 
pass, and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 


CAD PACK 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case aide of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ |nteractive Virtual Laboratories 
®@ Little previous knowledge required 
@ Mathematics is kept to a minimum and 
all calculations are explained 
®@ Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on third page) 


FIOD DY ISU STU OI risiceceacuernctetendncenibasencupesswtemeteeieas £45 inc VAT 
Institutional (Schools/HE/FE/Industry).............. £99 plus VAT 
Institutional 10 user (Network Licence).......... £249 plus VAT 
DIRE LICCICG sociesss eeceteascctveccescesasis ccctacer stn ccceseaie £499 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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special 


PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PiCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices from the 
12, 16 and 18 series PlCmicro ranges. For experienced 
programmers all programming software is included in the 
PPP utility that comes with the development board. For 
those who want to learn, choose one or all of the packages 


below to use with the Development Board. 


@ Makes it easier to develop PlICmicro projects 

® Supports low cost Flash-programmable PiCmicro devices 

@ Fully featured integrated displays — 16 individual |.e.d.s, 
quad 7-segment display and alphanumeric |.c.d. display 


HARDWARE 


®@ Supports PICmicro microcontrollers with A/D converters 


@ Fully protected expansion bus for project work 


@ USB programmable 


@ Can be powered by USB (no power supply required) 


oFFER 
hoeeNeE PiCmicro 


(Formerly PiCtutor) 


Assembly for PICmicro microcontrollers V3.0 
(previously known as P!Ctutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PlCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 
@ Comprehensive instruction through 45 
tutorial sections @ Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator ®@ Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications ® Includes MPLAB assembler 
@ Visual representation of a PliCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users © Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) ® Imports 
MPASM files. 


2 eee 2 ee 
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programming software 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 
VERSION 4 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PICmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

@® Complete course in C as well as C 
programming for PlCmicro microcontrollers 
@ Highly interactive course ®@ Virtual C 
PICmicro improves understanding ®@ 
Includes a C compiler for a wide range of 
PICmicro devices @ Includes full Integrated 
Development Environment ® Includes 
MPLAB software © Compatible with most 
PlCmicro programmers ® Includes a 
compiler for all the PlCmicro devices. 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 
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£158 including VAT and postage, supplied with USB cable and 


£40 OFF Buy the Development Board together with any Hobbyist/Student or Institutional versions of 
the software CD-ROMs listed below and take £40 off the total (including VAT) price. 


FLOWCODE FOR PiCmicro V3 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex systems in a matter of minutes. A 
Powerful language that uses macros to 
facilitate the control of devices like 7-segment 
displays, motor controllers and l.c.d’s. The 
use of macros allows you to control these 
devices without getting bogged down in 
understanding the programming. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 3 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

® Requires no programming experience @ 
Allows complex PlCmicro applications to be 
designed quickly ® Uses _ international 
standard flow chart symbols ®@ Full on- 
screen simulation allows debugging and 
speeds up the development process. 

@ Facilitates learning via a full suite of 
demonstration tutorials ® Produces ASM 
code for a range of 18, 28 and 40-pin 
devices ® New features in Version 3 include 
16-bit arithmetic, strings and _ string 
manipulation, improved graphical user 
interface and printing, support for 18 series 
devices, pulse width modulation, I2C, new 
ADC component etc. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F 
devices) 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


Hobbyist/Student 


Institutional (Schools/HE/FE/Industry) 
Institutional/Professional 10 user (Network Licence) 


Site Licence 


Flowcode 10 user (Network Licence) 
Flowcode 50 user (Network Licence) 


£45 inc VAT 
£99 plus VAT 
£300 plus VAT 
£599 plus VAT 
£350 plus VAT 
£699 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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SPECIAL PACKAGE OFFER 


TINA Pro V7 (Basic) + Flowcode V3 (Hobbyist/Student) 


TINA Analogue, Digital, Symbolic, RF, MCU and £50 00 
Mixed-Mode Circuit Simulation, Testing and PCB Design a 


TINA Design Suite is a powerful yet affordable software package for analysing, designing and real including VAT 
time testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts. You can also and p&p 
analyse RF, communication, optoelectronic circuits, test and debug microcontroller applications. 


Enter any circuit (up to 100 nodes) within minutes with TINA’s easy-to-use schematic editor. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 10,000 manufacturer 
models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech virtual instruments. 
Present your results in TINA’s sophisticated diagram windows, on virtual instruments, or in the live interactive mode 
where you can even edit your circuit during operation. 


Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line width, colour and layout. 
You can create, and print documents directly inside TINA or cut and paste your results into your favourite word- 
procesing or DIP package. 


TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter, Signal Analyser/Bode 
Plotter, Network Analyser, Spectrum Analyser, Logic Analyser, Digital Signal Generator, XY Recorder. 


Flowcode V3 (Hobbyist/Student) — For details on Flowcode, see the previous page. 


This offer gives you two seperate CD-ROMs in DVD style cases — the software will need registering (FREE) with 
Designsoft (TINA) and Matrix Multimedia (Flowcode), details are given within the packages. 


Get TINA + Flowcode for a total of just £50, including VAT and postage. 


PROJECT DESIGN WITH CROCODILE TECHNOLOGY 


An Interactive Guide to Circuit Design 


An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control 

Modules (IR and Radio), Transistors, Thyristors, Relays and much more. 

Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams. 

Nearly all the circuits can be instantly simulated in Crocodile Technology* (not 
included on the CD-ROM) and you can customise the designs as required. 


WHAT’S INCLUDED 

Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays. 
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams. 

Runs in Microsoft Internet Explorer 

*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.crocodile-clips.com. Animated diagrams run without Crocodile Technology. 


Single User £39.00 inc. VAT. 
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT. 
(UK and EU customers add VAT at 17-5% to “plus VAT” prices) 


DIGITAL WORKS 3.0 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits Create 
your own macros — highly scalable ®Create 
your own circuits, components, and i.c.s 
@Easy-to-use digital interface ®Animation 
brings circuits to life @Vast library of logic 
macros and 74 series i.c.s with data sheets 
@Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £249 plus VAT. 

Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 
images of electronic 
components. This 
selection of high 
resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


Please sendme: CD-ROM ORDER FORM 


[_] Electronic Projects 

Electronic Circuits & Components V2.0 
Analogue Electronics 

Digital Electronics V2.0 [_] Hobbyist/Student 

Analogue Filters [_] Institutional 

Electronics CAD Pack [_] Institutional/Professional 10 user 
Robotics & Mechatronics [] Site licence 

Assembly for PiCmicro V3 

‘C’ for 16 Series PiCmicro V4 

Flowcode V3 for PiICmicro 

Digital Works 3.0 


Version required: 


PiCmicro Development Board V3 (hardware) 


TINA Pro V7 Basic + Flowcode V3 Hobbyist/Student 
Electronic Components Photos 

Project Design — Single User 

Project Design — Multiple User (under 500 students) 
Project Design — Multiple User (over 500 students) 


Note: The software on each version is 
the same, only the licence for use varies. 


OOOOO UO QOOOOOOULWO 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 


price includes postage to most 
countries in the world 


EU residents outside the UK add £5 for 


airmail postage per order 


[-] | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
[_] Please charge my Visa/Mastercard/Maestro: £ 


Valid ROU: «<2.524,25 624 8Grn ome e2 24 Card Gxpiry date: si cidasdes804 34.42 0882406000805 
Cen ING: 534 sie cng eeenet staan 2ou os Ho eped deen oe eeekeeeomes cs Maestro Issue No.......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 

ad a i a pe a ee 
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aiatae 
BY JORIN CLARKE SENSORS AND SIAND 


As mentioned last month, there are two basic pad sensor types: 
those based around a piezo transducer and those based around 
an optical sensing circuit. Which one you use is up to you. 


The piezo-based pads require tapping with drum sticks This is because the system is more robust. A piezo trans- 
or similar items in the conventional ‘drum’ manner. The — ducer that can be attacked with a foot pedal may well be 
optical pads can be tapped by hand, making them easier _ destroyed rather quickly. 
to use. Each pad type is described in the following separate 

We also use an optical pickup for foot-activated sensors. sections. 


Building the optical PC board 


Circuit details were shown in Part 1 but are 
repeated here for convenience, along with the 
PC board overlay for the optical sensor (there 
is no PC board for the piezo sensor). 
The optical sensor PC board is coded 
657 and measures 52 x 31mm. Once again, 1N4004 
before assembly check the underside for any _ ae Fig. 7: OPTICAL PAD PC BOARD OVERLAY 
possible shorts between tracks or breaks in — | ay —~ INTERRUPTOR 
the copper. eal i 
As you did for the other boards, install | Me ic 
the resistors and diode (as shown), the PC IP ¥ BP 
Stakes and the capacitor (which is mounted 
on its side to allow clearance above the PC Rca 
board). Finally, the optical sensor is mounted SENSOR 
directly onto the PC board, making sure it is SENSI 


A E 
oriented correctly. (TOP VIEW) tl A 


Fig. 6: OPTICAL SENSOR 


RCA PLUG 
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Simple piezo sensor 


The simple piezo sensor is based around 
a length of 20mm (27mm OD) PVC water 
pipe. The piezo transducer attaches to the 
end of the pipe with the shielded cable 
connected to the 
transducer and the 
other end to an 
RCA phono plug. 

To use, the pipe 
is held in the hand at 2 
the opposite end to the 
piezo and the pipe is then tapped 
with a stick. 

Note that the two red and black 
wires that are supplied connected to the 


SHIELDED 
CABLE 


mye 


R 
PHONO PLUG 


piezo transducer need to be unsoldered and 
replaced with the shielded (Screened) wire. You 


SELF-TAPPING 
SCREWS 


C EZO 


BRAD TO BRASS 


SHIELDED, | 
CABLE KZ 
SOLDER CENTRE \O/ REAR OF 


WIRE TO METALLISED PIEZO 
CENTRE PAD 


Percussive (piezo) sensor pad 


The percussive sensor pad needs to be 
mounted onto a frame using 25mm tubing 
(see separate diagram). The sensor is played 
with a drumstick or similar item. Note that 
the front edge is shown curved to ensure 
that there is a consistent response from the 
sensor when the pad is tapped around its 
circumference. 

Do not be tempted to use a rectangular 
edge. This will give dead spots in several 
positions on the pad where the sensor will not 
detect a strike on the plate. In addition, do not 
use metal in preference to the MDF since this 
will resonate for too long after it is struck. 

The sensor pad is constructed as shown 
below. Cut out the circular section of the 
MDF panel with a jigsaw and paint the pad 
with gloss black paint. The piezo transducer 


This upside- 
down view of a 
piezo sensor 

pad is mainly to 
show the method 
of mounting 

the transducer. 
It also shows 

the method of 
mounting to the 
stand via a clamp | 
and length of 
PVC pipe (also 
see diagram 
below). 


CLAMP TO 


_____SENSORPAD__FRAM! FRAME 


PIEZO TRANSDUCER 


1/4" x 100mm BOLT ———— a 


10mm Y 10mm OD 
SPACER, 22mm LONG 


a 


needs to be rewired to have the shielded cable 
soldered to its piezo and brass sections. The 
rear of the piezo housing can be carefully 
prised off to gain access to this wiring. 

We used an epoxy resin smeared around 
the edge of the back of the piezo housing 
before securing with the M2.5 screws into the 
MDF. This ensures a good physical contact 
with the MDF plate. 

The top of the MDF sensor plate can be 
painted black or covered with a thin sheet 
of vinyl using contact adhesive. The vinyl 
can deaden the sound produced by striking 
it with a stick. 

Alternatively, the stick can be rubberised. 
In most cases, the sound of the stick strik- 
ing the painted MDF pad will not cause any 


CONCErN. 


SECURE WITH M2.5 
SCREWS CUT TO 


GLUE EDGES WITH 


25mm U CLAMP 


1/4" NUT & 


BAW 
™ — LOCKWASHER 


DETAILS OF MOUNTING TO FRAME (~25% SCALE] 


Everyday Practical Electronics, February 2008 


TRANSDUCER 


TRANSDUCER 


Amm LONG, AND ——” 


must carefully prise off the back of the piezo 
case to gain access to the wiring. 


Parts List - Piezo Sensor 


1 piezo transducer 

1 300mm length of 20mm PVC water pipe 
(27mm OD) 

1 2m length of single-cored shielded 
cable 

1 RCA phono line plug 

2 No.4 self-tapping screws 


Parts List - Piezo Pad 
1 piezo transducer 
1 140 x 140mm piece of 3mm MDF 
1 120mm length of 20mm 
PVC water pipe (27mm OD) 
2 2omm cable cleats 
2 M4 x 12mm screws 
4 M4 nuts 
1 6mm x 100mm bolt and nut 
1 6.35mm ID x 9mm OD x 22mm long 
plastic spacer (electrical lamp fitting) 
2 M2.5 x 4mm long screws 


Miscellaneous 
Gloss black paint, vinyl (optional), 
epoxy resin, contact adhesive 


PIEZO 
TRANSDUCER 


120mm LENGTH OF 
27mm OD PVC 
WATER PIPE 


M4 x 12mm LONG 
SCREWS 


yi 


Bongo drums 


The bongo drums are made using 12mm MDF and 18g (1mm) aluminium 
sheeting. The MDF makes up the top and bottom dual semi-circular sections 
while the aluminium sheet is wrapped around the sides of the MDF and 
secured in place with 6g x 20mm countersunk woodscrews. 

Cutouts in the top are blocked off using MDF timber glued on the un- 
derside. These provide the mounting base for the optical sensor PC board 
to be secured using the 4g self-tapping screws. The MDF cut-outs and 
the semicircular shape can be cut using a jig saw. Glue the timber to the 
underside of the top panel cutouts and paint the timber. 

Wiring the PC boards involves following the overlay diagram for the 
optical pad sensor and wiring. Note that only two DC sockets are necessary 
— the second PC board derives its power from the first using hookup wire 
between the two positive power terminals and the two negative terminals. 
The DC sockets mount on the aluminium sides of the drums. The signal 
leads pass through the aluminium viaa rubber grommet. A cable tie holding 
the two signal leads behind the grommet will help prevent the leads pulling 
out. An alternative arrangement is to attach two RCA panel sockets to the 
drum and use RCA-to-RCA leads for the signal connections. 

Make up a DC socket to DC socket lead and terminate the signal leads 
with RCA phono plugs. 

The pressure plate is secured to the top of the drum using 4g screws. The 
screw that passes through into the optical sensor must be exactly located so that 
it fits neatly into the optical slot. The plate is bent as shown right and below. 


Adjustment 


The slight upward bend of the plate allows the screw to have clearance 
inside the optical slot. This screw needs to be adjusted carefully so that there 
is a change in voltage at the signal output when the plate is moved. 

The easiest way to adjust this is to first make up an RCA phono socket 
to RCA phono plug test connector, as shown below right, and insert this in 
line between the signal output lead and the MIDI Drum Kit. Alternatively, 
access the rear of the RCA socket inside the MIDI Drum Kit. Plug into one 
of the RCA input sockets for the MIDI Drum Kit. 
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The completed bongo drums. In the photo below left the 
drums are partially disassembled, showing the optical 
sensors and plates. 


Apply power to the drum kit and also connect the DC power lead between 
the drum kit's DC output socket and one of the DC input sockets on th ) 
drums. Connect a multimeter set to read DC volts to the test connector. The — 
voltage reading should be either small (< 0.1V) if the screw is too far 
the sensor gap or up to 5V if the screw is too far into the slot. 

Adjust the plate angle and screw setting so that the normal vol | 
close to 200mV. This voltage should rise to close to 5V when the plate is — 
pressed. Ensure the plate is free to move without scraping the sides of the 
MDF and without the screw scraping the inside of the optical sensor. 

With the arrangement shown, having a nut on top and on the bottom of the 
plate, the screw can be turned in or out to make the adjustment. An alternative 
method is to cut the screw to length so that it does not need adjusting. If you 
have cut too much from the screw, the length can be built up with some solder. 
This makes it easy to file down so that the length is just right when the plate 
is secured down with the screws into the MDF panel. 


Finishing 
We finished the drums by covering them with loudspeaker carpet. This is 
attached with contact adhesive. The covering is optional. 


RCA PHONO RCA 
PHONO PLUG 


This easy-to-make jig 
will allow you to adjust 
the Bongo Drums (and 
other optical sensors) 
very easily, by connecting 
to your multimeter and 
adjusting the screw to 
give maximum voltage 
change. 


SOCKET 


LEADS TO 
MULTIMETER 


OPTIONAL SENSOR TEST JIG 


Everyday Practical Electronics, February 2008 


OPTICAL PAD 
SENSOR 
PC BOARDS 


BONGO DRUM ASSEMBLY DETAIL 


SIDES MADE FROM 707 x 120mm 
STRIP OF 1mm ALUMINIUM SHEET, 
CURVED AROUND UPPER AND LOWER 
PANELS 


120 


© DC SOCKETS 
O SIGNAL LEADS 
EMERGING 


2 VIA GROMMET 


SECURE SIDES USING 6G x 20mm 
CSK HEAD WOOD SCREWS 


/) (REAR VIEW) 
ation of the bongo drums. Top right shows how the pressure plate fixes 


TOP & BOTTOM 
(HALF SIZE) 
MATERIAL: 12mm MDF 


220 x 30mm STRIPS OF 12mm MDF 


(SEE BELOW} 
[UED UNDER TOP PANEL CUTOUTS 


82 x 62mm CUTOUTS 
IN CENTRE OF 
EACH SIDE 
(TOP PANEL ONLY} 


STRIP OF 12mm MDF 220 x 30mm (2 OFF) 


( 
FOR MOUNTING STRIPS UNDER TOP PANEL 


Speaking of the well, here’s how to make it. This diagram is half the size of the 
finished drum - so if you have an enlarging photocopier, 200% is the magic number! 
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AG x 10mm SCREWS 12mm LONG M3 OPTICAL PAD 
SCREW WITH TWO SENSOR PC BOARD 
NUTS & STAR 


LOCKWASHER 


PRESSURE PLATE 


ALUMINIUM 
(50% SCALE) 


CUT & BENT 
FROM Imm 


C1) =a MT SHY SY 
) 58 x 20mm 
Ax 12mm LONG PACKING 


4G WOOD SCREWS 
(1mm ALUM.) 


Parts List — Bongo 


Drums 

2 PC boards code 657, available from the 
EPE PCB Service, size 52 x 31mm 

2 photo-interrupters 

2 1N4004 diodes 

2 470uF 16V PC electrolytic capacitors 

4 470Q. 0.25W 1% resistors 

2 panel-mount DC sockets 

2 line DC plugs 

8 PC stakes 

1 50mm long cable tie 

4 metres single-core shielded cable 

2 RCA phono line plugs 

2 135 x 245mm pieces of 12mm MDF 

2 30 x 220mm pieces of 12mm MDF 

2 120 x 707mm sheets of 18g (1mm) 
aluminium 

2 61 x 108mm sheets of 18g (1mm) 
aluminium 

2 20 x 58mm sheets of 18g (1mm) 
aluminium 

8 4g x 12mm self-tapping screws 

12 6g x 20mm csk wood screws 

1 M3 x 12mm screw 

1 3mm star washer 

2 M3 nuts 

1 6mm ID rubber grommet 


Miscellaneous 

Black paint, contact adhesive, 
Speaker carpet (optional), 
PVA glue 
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Optical sensor 


In many ways, the optical sensor is similar to the 
Bongo drums in construction. Most of the 
construction for this applies to the optical sensor. 
The sensor is designed to mount onto a frame/stand 


- SHIELD BRAID 
described on the next page. When used as a foot Soepired on 
controller it can be placed on the floor rung of the WIRING} | 4 : CENTRE WIRE 
stand. The current design is not suitable for use C )- P| @ | 


on the higher rungs of the stand. This is 

because there will be too much stand 

movement when the sensor Is pressed. 

A heavy-duty stand made from tubular steel could be 
used to support several optical pad sensors. The optical 
pad sensors would also need to be held in position with 
Steel clamps instead of plastic ones. 

In addition, use two DC sockets for the power input and output as 
shown in the main optical sensor wiring. The second DC socket allows for 
interconnecting power between sensors. 

The 12mm MDF will require trimming back in thickness by 3mm where 
the two plastic clamps attach at the rear of the pad. Use a chisel to do this. 
The reduction in thickness is so that the clamp will close up sufficiently to 
mount tightly onto the 25mm frame. 

The MDF material for the sensor is painted using gloss black paint 
assembly. A rubber stick-on foot is placed at the front edge of t 
to provide a stopper for the pressure plate. 

The sensor PC board is attached using M3 screws and | 


O 


RCA 


PLUG 
CENTRE WIRE 
_ aa ams’ 


SHIELD BRAID 


PLUG BACKSHELL CLAMP 


( 
—— 


FIG.13: OPTICAL PAD SENSOR WIRING 


Note 


These optical pads are not ideal for hitting with a drumstick since it sets 
up resonance in the aluminium plate. This causes the drum sound to be played 
an once for each strike. If you need to use the optical pads with sticks, 

the setting-up procedure where the DC voltage is set to around 200mV 


stor in the optical sensor. This is about 100mV and is observed 
lage that does not change until the pressure plate is moved by 


need to use some Nylon washers to space the PC board SII 
3mm MDF baseplate. Note that the pressure plate needs th 
to be adjusted correctly, as described in the bongo drum 


PRESSURE PLATE CUT & BENT 
FROM Imm ALUMINIUM, ne 
107 x 58mm 77 a CC EN 
[20> |< {1 0 CLAA AP > / \ 
PACKING ae | 
ee 


PLATE 1/4" x 40mm 
20 x 58mm BOLTS & NUTS 


alt 


SHIELDED SIGNAL 
OUTPUT CABLE 


sor output. 


Parts List 
1 PC board coded 657, available from the EPE 
PCB Service, size 52 x 31mm 
1 photo-interrupter 
1 1N4004 diode 
1 470uF 16V PC electrolytic capacitor 
2 4700 1/4W 1% resistors 
1 line DC plug 
4 PC stakes 
| 2-metre length of single-core shielded cable 
1 RCA phono line plug 
1 140 x 142mm piece of 12mm MDF 
1 140 x 120mm piece of 3mm MDF 
1 61 xX 108mm sheet of 18g (1mm) aluminium 


1 20 x 58mm sheet of 18g (1mm) aluminium 


pee 2 25mm cable cleats 
WASHER 4 M3 x 12mm screws and M3 nuts 
PURER EGGT 4 4g x 12mm self-tapping screws 
| Bee eis 1 M3 x 12mm screw 
| | PLATE) 1 3mm star washer 
| 2 M3 nuts 
2 6mm x 100mm bolts 
| HES 2 6mm nuts 
| 12mm THICK MDE 4 3mm Nylon washers 
: 140 140x 120mm BACKING | 200mm Cable ties 
PLATE OF 3mm MDF 


Reproduced half size, this diagram shows how the optical sensor unit 
is constructed. 
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Miscellaneous 
Black paint, PVA glue 
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Building a playing stand 


One or two sensors alone are fine sitting on a bench (or even the floor!) 
but when a number of sensors are used, some form of frame or stand is 
necessary so they can mount in their correct positions for playing. 

We made up a stand using conventional hardware components. Broom- 
sticks were used instead of dowell because they're usually a lot cheaper! 

The stand was glued together with builders’ adhesive for the Tee joins 
and PVA glue for the MDF bracket to the 25mm rod. It was painted in a 
gloss black. 

Note that the design allows the top rung to be removed. This is for easy 
transport of the frame on the back seat of a car. 

The broomstick pieces are cut to length, noting that the stick is passed 
right through the T-piece rather than 
cutting it at this point. Each T-junction is 
made stronger by making a 25mm hole 
part way into the side of the straight- 
through broomstick. 

Note that the I-pieces must allow 
the broomstick to pass easily through 
it. Some brands may need drilling or 
filing out to allow the stick to enter right 
through the piece. 

The MDF right-angle bracket is in- 
cluded to give extra support in the forward 
and backward direction. 


SHORT SECTIONS OF 27mm OD PVC 
WATERPIPE GLUED TO ENDS OF 
UPPER RODS SO UPPER SECTION 

OF FRAME CAN BE LIFTED OFF 


STRAIGHT JOINERS FOR 
27mm OD PVC WATERPIPE 


TEE CONNECTORS FOR 
27mm OD PVC WATERPIPE 


eae 
rc I 

en 
=a 


— 


LOWEST LONG ROD GLUED INTO 
HOLES IN CORNER SUPPORTS 


2 x CORNER SUPPORTS MADE FROM 


ZnS (25mm OD BROOMSTICK) 
(©) <—TEE CONNECTOR 


|—_—_——m@ IS 


——+"——— 
12mm MDF & GLUED TO FEET & UPRIGHTS — 


TEE CONNECTOR—> (©) 


The wires for the sensors can be made tidy along the frame using 
cable clips. 

The percussive sensor is designed to be able to be adjusted to any 
angle, making it very suited for stand mounting. 

However, if using the optical sensor on the stand, it must be mounted 
on the floor rung of the frame, so the front edge of the pad rests on the 
floor to add extra support. 

As mentioned, the stand and optical sensor pad mounting must be of 
heavier construction than the one shown here if you intend to use optical 
pad sensors throughout. 


Parts List 


6 broomsticks, 25mm in diameter 

6 20mm PVC water pipe Tee pieces 
2 20mm PVC water pipe joiners 

1 150 x 150mm x 12mm MDF sheet 
4 25mm rubber pipe ends 


Miscellaneous 
Black gloss paint, PVA glue, builder's adhesive 


THIS PART OF 
FRAME CAN 
BE LIFTED 
OFF FOR 
TRANSPORT 


(25mm OD 
BROOMSTICK) 


600 ————_—_—_—_—+ | 


| 

= | 
| I RUBBER i! 
I END CAPS |! 

I CONNECTOR 

| a | 


Ez 1 
[ L 
WA 
| 


| Ms (25mm OD BROOMSTICK}—7 


STAND CONSTRUCTION (10% SCALE) 


This is the stand we put together from bedknobs and broomsticks (OK, not too many bedknobs). It’s just one possible 
arrangement for mounting the controller and various sensors, giving room for foot pedals underneath. 
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Foot controller 


The foot controller is generally used to control a bass 
drum sound. We show how to build a foot controller for 
this purpose using an optical sensor. An alternative foot 
controller is shown under the Optical pad heading. 

The optical pad is housed in a plastic box and secured 
to the upright MDF piece with M4 screws and nuts. This 
also sandwiches the pressure plate between the box and 
MDF. The PC board for the optical pickup is supported 
on M3 tapped standoffs (9mm long) and held using M3 
x 10mm screws. 

The screw mounted in the pressure plate to interrupt 
the optical sensor must be adjusted as described in the 
Bongo drums set-up. 

The DC sockets are mounted at each end of the box. 
The signal output is wired to the 6.35mm jack socket that 


IS mounted on an aluminium bracket. You will need to make up a 6.39mm The footswitch is made using the MDF panelling as shown below. We 
jack plug to RCA plug lead for the connection between the foot controller ~—_painted the assembly with black paint and covered the foot areas with speaker 
and the MIDI Drum Kit. carpet. 

PEDAL STOP BLOCK 


65mm LONG x 47mm HIGH, 
FROM 12mm MDF 


CLAMP PLATE FOR BUFFER GROMMETS 
AND SPRING: 20 x 40mm, CUT OPTICAL PAD DC SOCKET 
FROM ” ALUMINIUM SENSOR PC BOARD 


85mm BUTT HINGE, 


MOUNTED WITH PIN pate HOLE FOR 
UNDERNEATH eee GROMMET 
oT , 
MOUNTING BRACKET 
FOR 6.5mm JACK SOCKET 


35mm LONG x 20mm WIDE 
x ae Laat herr FROM 


ALUM 
BRACKET SECURED TO — |. 
BASE PLATE USING 2 x 


6G x 12mm WOOD SCREWS) 6.5mm JACK DC SOCKET 
SOCKET 


PLAN WITH FOOT BOARD ) 
AND PRESSURE PLATE REMOVED M4 x 15mm SCREWS 


OPTICAL PAD SENSOR PC AND M4 NUTS 
BOARD MOUNTED IN 
65 x 38 x 27mm PLASTIC BOX 
BASEBOARD 320 x 100mm, — (USING 4 x 9mm TAPPED SPACERS 
CUT FROM 12mm MDF & 8 x 10mm LONG M3 SCREWS) 


3 x 15mm LONG 8G 


CSK HEAD FOOT BOARD 
WOOD SCREWS 220 x 100mm, STRIP OF CARPET 
CUT FROM 12mm MDF GLUED ALONG 
PACKING BLOCK 90 x 100mm, TOP OF 
CUT FROM 12mm MDF SO ELBT OS ael STOP BLOCK 
7 


SCREWS, CUT TO 12mm 


300 x 100mm STRIP OF CARPET 


GLUED OVER FINISHED PEDAL PRESSURE PLATE 4 


6.5mm JACK 


Pas 


15mm LONG 8G CSK 


BUFFER MADE FROM TIER OF THREE 15mm OD RUBBER GROMMETS, COUNTERBORE 


| oe HEAD WOOD SCREW ig mg WITH 20mm LONG x 6mm OD COIL SPRING (COMPRESSION) INSIDE. ~ HOLES FOR 
SCREW ie LOWEST GROMMET IS HELD WITH ALUMINIUM PLATE M4 NUTS 
Fi NUTS & STAR 
LOCKWASHER 
PRESSURE PLATE BENT _ ie FOOT CONTROLLER DETAILS 
x 70mm Amm HOLES FOR 0 
OF Imm ALUMINIUM t | denaoe SCREWS (50% SCALE) 


If you want to build your own foot controller, here is how to do it. The alternative is to use the information in this 
diagram to modify a commercial foot pedal. 
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Footswitch 


The footswitch is a commercially made unit — all it 
really needs is to have an RCA plug wired to its end. 
However, the wiring supplied with the switch is a little 
too thick for the RCA phono plug, so it is best replaced 
with single-core shielded cable instead. Connect the 
wire between the normally open and common con- 
nections on the microswitch. 


Parts List Parts List 
1 PC board coded 65/, available from the EPE PCB Service 52 x 31mm 1 footswitch 
1 bulkhead plastic box, 65 x 38 x 2omm 1 1m length of single-core shielded wire 
1 photo-interrupter 1 RCA phono line plug 


1 1N4004 diode ——— 
1 470uF 16V PC electrolytic capacitor 

2 470Q. 1/4W 1% resistors 

1 6.35mm mono jack socket 

2 line DC plugs 

4 PC stakes 

| 2-metre length of single-core shielded cable 
1 6.35mm mono plug 

1 RCA line plug 

165 x 120mm length of 1mm aluminium 

1 20 x 40mm length of 1mm aluminium 

1 60 x 20mm 1mm aluminium 

1 100 x 35mm sheet of 1mm aluminium 

1 85mm butt hinge 

6 8g csk wood screws cut to 12mm 

7 6g csk wood screws cut to 12mm 

1 5g x 20mm screw 


1 M3 x 15mm screw Reproduced by arrangement with 


1 3mm star washer SILICON CHIP magazine 2008. 
2 M3 nuts www.siliconchip.com.au = = = [33 i iN D =  & 
2 M4 x 15mm screws 


2 M4 nuts 
4 M3 tapped x 9mm spacers KEEP YOUR MAGAZINES SAFE —- 
8 M3 x 6 screws RING US NOW! 
1 20mm long by 6mm OD compression spring 

Meine Ones Deo) iSrallew tel eeusce te be/ese i eormared 
3 15mm QD x 6mm ID rubber grommets and re-inserted without any Eee A 
1 100 x 320mm length of 12mm MDF nylon strip slips over each issue and this 
1100 x 30mm length of 12mm MDF Ree ee Fe four rings in ae oe 
1 100 x 220mm length of 12mm MDF sie binders sietinieven ininareweat 

| bl .v.c. with th 

169 x 47mm length of 12mm MDF jogo in gold on the spine, They will keep 
Miscellaneous Poneman 
Black paint, PVA glue, speaker carpet, contact adhesive The price is £7.95 plus £3.50 post 


and packing. If you order more than 
one binder add £1 postage for each 
binder after the initial £3.50 postage 
charge (overseas readers the postage 

is £6.00 each to everywhere except 
Australia and Papua New Guinea which 
costs £10.50 each). 

Send your payment in £’s sterling cheque or PO (Overseas 
readers send £& sterling bank draft, or cheque drawn on a UK bank 
or pay by card), to: 

Everyday Practical Electronics, Wimborne Publishing Ltd, Sequoia 
House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. 


Tel: 01202 873872. Fax: 01202 874562. 

E-mail: editorial@epemag.wimborne .co.uk. 

Web site: http:/Avww.epemag.co.uk 

Order on-line from: www.epemag.wimborne.co.uk/shopdoor.htm 


We also accept card payments. Mastercard, Visa, or Maestro. Send 
your card number, valid from and card expiry date, plus the three digit 
security code and Maestro Issue No. (if applicable) with your order. 
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READOUT 


Email: editorial@wimborne.co.uk 
Zohn Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 
Drop us a line! 
All letters quoted here have previously been replied to directly. 


WIN AN ATLAS LCR ANALYSER 
WORTH £79 


An Atlas LCR Passive Component 
Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 
of the Letter Of The Month each month. 


The Atlas LCR automatically measures 
inductance from 1uH to 10H, capacitance 
from 1pF to 10,000uF and resistance from 

1Q to 2MQ with a basic accuracy of 1%. 

www.peakelec.co.uk 


* LETTER OF THE MONTH * 


Surface Mounted Rework 


Dear EPE, 

I read the letter on surface mounted 
rework with interest in the Oct ’07 issue 
and I would like to put forward some more 
suggestions when dealing with surface 
mounted devices (SMDs). 

I am a professional electronics engineer 
with many years experience dealing with 
SMDs. I mainly repair Sky digital boxes 
for a living, as well as TVs, videos and the 
odd microwave oven. I have a high street 
shop and also do mail order set top box 
repairs and I regularly receive requests 
from other dealers to replace SMDs on var- 
ious PCBs. 

On the whole, people tend to be frght- 
ened of dealing with SMDs. Usually they 
have had a bad experience trying to replace 
a chip, with disastrous consequences and 
have been put off SMDs for good. I have 
some very expensive kit for dealing with 
SMDs, an infrared reflow station costing 
nearly £5k, which is well out of reach for 
the general hobbyist, but did you know you 
can successfully replace SMDs with a little 
known method and a layout of less than 
£100? 

When replacing SMDs there are two 
most important things you need to know, 
board pre-heating and use of flux. Get 
these nght and replacing SMDs is child’s 
play. Let’s take the board pre-heating issue 
first. Imagine a 15W soldering iron fitted 
with a needle point tip, as soon as you 
touch the tip on a cold SMD, heat is drawn 
away from it and it becomes virtually 
impossible to heat the jomt above the sol- 
der melting point, which for conventional 
60/40 leaded solder is approximately 
183°C. 

If you pre-heat your circuit board first to 
between 100 and 120 degrees C, the tip of 
your soldering tron will not cool on contact 
with a cold solder joint and it becomes 
possible to solder at lower temperatures. 
Pre-heating also cushions the thermal 
shock of both the component and the cir- 
cuit board. This is important when replac- 
ing SM ceramic capacitors, which can 
crack if soldered from cold, while a 
cracked capacitor may appear to function 
correctly after replacement, in the passing 
of time moisture from the atmosphere can 
enter through the hairline crack and cause 


Coldheat Soldering SMDs 


Dear EPE. 
I’ve just read Alan’s very thorough ass- 


esment of the Coldheat soldering iron and 
can heartily agree with him on all points. 
I bought one for the odd time that I use a 
soldering iron in the house, but it was a 
total failure. I do not think I made one 
good joint with it. It was very disconcert- 
ing to see sparks fly when connected to a 
joint. In fact, it made me jump back a bit, 
whereupon I broke the tip. 

I was so disapointed that I took it 
straight back and got an Antex SZ004W0 
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the capacitor to become resistive, or 
‘leaky’. 

Next, the flux issue, this is what most 
people do not understand and it is where 
they go wrong when trying to replace 
SMDs. A thin skin of oxide forms on 
molten solder when it is exposed to atmos- 
pheric oxygen, causing a dry oxidised sol- 
der joint to form. Applying flux to the 
molten solder removes the oxide skin and 
allows the solder to flow properly. It also 
prevents solder bridging between two adja- 
cent pins when soldering fine pitched SM 
ICs with a conventional soldering iron. 

The choice of flux is very important, it 
must be non-corrosive and cause no long- 
term surface insulation resistance, espe- 
cially where cleaning cannot take place, 
such as the underneath of a chip. Over the 
years I have tried many different types, 
but one I have found outstanding is a ‘no 
clean’ thick gell type specially developed 
for BGA chips (the square chips with no 
pins visible from the outside) but excel- 
lent results are obtained with any type of 
component, which can be obtained from 
Blundell production equipment (contact 
details at the end). 

Replacing small multi-pin chips up to 
about 48 pins is better done with hot air. I 
use a Weller pyro pen, which costs about 
£80, but shop around and you can probably 
get a cheap copy for less than £30. A pro- 
fessional board pre-heater could set you 
back £700, but there again a cheap copy 
which is well capable of the job can be 
bought for less than £70 (see later). 

Now let’s examine the replacement of 
say a 14-pin SMD IC. Using this method 
is incredibly simple and it’s possible to 
replace the chip without even being able 
to tell it’s been done. First give the pins of 
the chip to be removed a very light brush 
with a fibreglass pencil, not too much as 
these are very abrasive, then run across all 
the pins with flux. 

Now place the PCB on the pre-heater 
and heat the board to 100°C. Hold the chip 
with a pair of fine tweezers and using a 
hot air pencil, heat the top of the chip 
directly, within five seconds or so the chip 
can be lifted off and the solder will remain 
on the board, leaving a set of perfectly 
formed solder pads and no need for any 
additional solder. Don’t worry about 


cordless iron and that worked fine for the 
very limited use I had for it. 

I have been working on all types of elec- 
tronic soldering since school. In fact, I did an 
aprenticeship with BT and got trained in the 
art of soldering. I currently work on SMD 
circuits using hot air and conventional sol- 
dering techniques. A novice would have very 
little chance of any real success using the 
iron. I think in fact you are more than gener- 
ous about using them for anything useful. It 
was also of note that Maplins did not give 
me a second look when I returned it! 

Barry GILHL, via email 


heating the top of the chip, contrary to 
popular belief this will not damage the 
chip as long as it’s not heated for an 
extended length of time. This is some- 
thing you really have to see to believe! 

In manufacture, BGA chips are fitted 
this way by directly heating the top of the 
chips until the solder balls underneath col- 
lapse. Remove the board from the pre- 
heater and let it cool, then wash off the flux 
with a flux remover. 

Now you have removed the old chip and 
the board is ready to receive the new one. 
First give the pins of your new chip a good 
clean with the fibreglass pencil and apply 
flux to the pins. Also apply a little flux to 
the solder pads on the board and sit your 
new chip on top, carefully line up the pins 
onto the centre of the pads, if you are using 
a thick gell flux this will hold the chip in 
place as you will be sitting it on top of a 
‘solder bump’. Now pre-heat the board to 
100°C and then run down each side of the 
pins with a hot air jet for a few seconds, as 
the solder melts you will see the chip sit 
down onto the PCB. As soon as this hap- 
pens turn off the pre-heater and let the 
board cool — simple. 

A bit of practice may be required to per- 
fect the operation and I would suggest 
starting with an 8-pin chip first, then mov- 
ing up to more pins later. A good way of 
practising is to get hold of an old model 
Sky Digibox; the first generation ones 
which now run very slowly can be picked 
up working for just a few pounds. They are 
full of SMDs. Remove a chip and see what 
effect it has, then replace it and see if the 
box still works. Removal of most parts 
will result in a box which is stuck in stand- 
by so you will soon know if your removal 
and replacement has been successful. 

Useful contacts: Blundell Production 
Equipment Ltd, 0247 647 3003, 
www.blundell.co.uk. No clean BGA flux 
comes in a 5cc syringe, Inter Flux [F8300, 
£11.08 plus VAT. Allendale Electronics Ltd 
sell a board pre-heater made by Aoyue, 
model 835A for £69.95 inc. VAT. 01992 
450780, www.pcb-soldering.co.uk. 

Michael Dranfield, Digifix Ltd, 
Buxton, Derbyshire 


Many thanks, a very thorough descrip- 
tion Michael. 


Alan replied to Barry: 


Thanks Barry, the only use I can think 
of is to melt an already soldered solder 
pad on a PCB - which is what they do in 
their promotional videos, soldering a 
broken wire back onto a PCB - the sol- 
der shorts out the iron’s tip and melts, 
and that’s pretty much it. Otherwise I 
cannot think that the Coldheat soldering 
iron is of any use to the electronics con- 
structor at all. 

Alan Winstanley, 
via email 
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Epson ESC/2P Codes 


Dear EPE, 

Amazing how each edition of EPE gets 
you thinking! August Readout includes a 
contribution from David Whale regarding 
DOSPRINT, software that generates dot- 
matrix Epson print format. My current 
inkjet printer responds to Epson ESC/2P 
format codes, does this amount to the 
same thing, is that what David actually 
means? 

You’re not likely to know the answer 
just from the information you’ve been 
given, so I was rather hoping that you 
could invite David to reply. 

Godfrey Manning G4GLM, 
via email 


Well David, are you reading this? Care 
to send me a reply via EPE which I can 
quote here? 


PIC Terms 


Dear EPE, 

Regarding Pat Alley’s letter in the Oct 
’07 issue. I must say that for someone who 
has obviously had an interest in PICs for 
sometime, I am surprised that they have no 
idea that most of their queries relate to PIC 
Special Function Registers (SFRs) and 
peripheral hardware modules. (Try down- 
loading and reading PlCmicro&#5482; 
Mid-Range MCU Family Reference 
Manual DS33023A, or try a PIC beginner’s 
book that will perhaps give an insight into 
the PIC core and its many peripherals.) 

In a PIC related article, I would suggest 
it is acceptable for the author to use such 
abbreviations freely and without further 
explanation. However, if it is remembered 
that not all readers will have a deep 
knowledge of the area under discussion, I 
think that it is good practice never to use 
an abbreviation in an article without first 
using the full form followed by the abbre- 
viation in brackets, as I have done above. 
This avoids any ambiguity, enlightens 
beginners and even reminds old hands! 

The use of terms such as ‘bit bashing’ is 
a little more fraught. If you’ve ever written 
a serial output routine for a micro without 
a Universal Asynchronous Receiver/ 
Transmitter (UART) module, then you’ll 
certainly know what bit bashing is! If you 
haven’t, you may well not. 

So how should such terms be handled 
by a magazine such as EPE? I think there 
are three choices: 


1. Don’t use them at all. This would be 
a shame; once learnt and understood such 
terms provide a colourful and succinct 
way to describe various functions — that’s 
why they evolved 


2. Explanation in a footnote. Could get 
messy as it would need to be repeated 
each time it was used 


3. Inclusion in an expanding glossary of 
unusual terms (not abbreviations!) includ- 
ed in each month’s magazine (don’t panic 
Editor, it shouldn’t run to much more than 
a page). To my mind it’s the best option 
and the glossary will become a good ref- 
erence source 


The reader with internet access has, of 
course, another alternative — Google the 
term. This will normally throw up at least 
one source of explanation. 

David Sims, 
via email 


Thanks David. We try to explain things 
as appropriate, but space limitations pre- 
vent constant repetition. A Glossary is a 
nice idea, but we regret we don’t have the 
space. Googling is often my preferred way 
of checking on info. 


CFLs and Dimmers 


Dear EPE, 

I noticed your coverage of CFLs and 
dimming: it seems a pity that CFLs are not 
available with an IR sensor, through which 
they can learn brightness up/down on/off 
from a spare remote/extra (dummy) device 
on a multi-device remote. This would 
allow remote control dimming without 
any rewiring. Dimmer adaptors like this 
are available for filament bulbs, so it 
seems logical to simply build this feature 
into some CFLs. 

Alan Bradley, 
via email 


I agree in principle Alan — thoughts 
anyone ? 


Standby Power Saver 


Dear EPE, 

The Standby Power Controller in EPE 
Oct ’07, was particularly interesting to me as 
I developed a similar device a couple of 
years ago and have been using it ever since. 
I was driven to develop this having bought a 
cheap Freeview set-top box, which sported a 
standby mode that actually had the same 
power consumption as the ‘on’ mode. 

My device had some key differences to 
yours in that my prime objective was real- 
ly to make the thing as energy-efficient as 
possible. I didn’t want to use batteries and 
I wanted it to consume as little power as 
possible. To achieve this I decided that: 

1. It would use any existing IR remote 
control (having a ‘learn’ mode for the on 
and off commands). As the remote would 
already be being used to control a device, 
I didn’t consider this to be an extra battery 

2. The receiver would use a capacitive 
power supply consuming only a few mW 
(or less) at all times 

3. It would need some extra on and off 
delays to cope with the start-up times of 
devices being controlled and to cope with 
devices such as a TV projector which 
required fans to run-on for a few minutes 
after power-off 

To use the capacitive power supply 
(which can only provide a few mA), I used 
a latching relay with a switch time of 
<lOms and controlled the whole thing 
with a PIC16F684, running in standby- 
mode and woken by activity on the IR sen- 
sor or the programming controls. The 
device generates no heat and, as far as I 
can tell, is very energy-efficient. 

My reason for writing is to question 
whether your project actually solves the 
problem you set yourself. The use of a 
dedicated controller unit and, even 
worse, the use of an always-on trans- 
former is not, in my opinion, much more 
energy-efficient than the poor standby 
implementations already present in many 
devices. You don’t back up your device 
with any figures on its power consump- 
tion, which is telling. 

I realise that part of the reason for your 
practical projects is to show some novel 
use of electronics and your device’s 
wireless implementation is interesting. 
However, given the introductory text for 
the article, it would really have been better 
to examine how a really efficient device 
could be constructed, with details of how 
power consumption could be accurately 
measured, particularly when it is very low. 
I have been unable to measure the actual 
power consumption of my device as I 
couldn’t get a figure to register on the 
monitoring device I was using. 

Peter Bissell, 
via email 


Thanks for that Peter. There seemed 
liitle point in quantifiying my _ unit’s 
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consumption, which I’m sure is far less 
than any standby mode of commercial 
equipment. Congratulations on your 
refined unit! 


Energy Saving 


Dear EPE, 

Having read Tony Jaques’ recent 
Readout letter regarding energy saving, I 
have to say I totally agree with his points. 
I have never understood why some radia- 
tor pipes are insulated, when all the heat 
‘lost’ ends up in the house anyway! 

What I also would like to comment on, 
though, are the misconceptions regarding 
energy saving lamps. It seems that no-one 
takes into account the extra energy and 
pollution involved in the mineral extrac- 
tion and manufacture of these devices. 

These CFLs are stuffed with electronic 
components, which we all know are not 
exactly ‘green’. They also have plastic 
parts, made from oil. Oh, not to forget the 
cocktail of toxic chemicals within the 
tubes themselves. They are generally 
dumped in the bin when they stop working 
— which is quite often well within the time 
we are led to believe they last! 

Condensing boilers, according to a few 
engineers I know, are also less efficient 
than first appears. It seems that they have 
a shorter life than traditional boilers, 
require replacement parts on a regular 
basis and consume much more energy 
and parts to manufacture in the first 

lace. 

While I believe we should all be doing 
our ‘bit’ to help reduce the human impact 
on the Earth, perhaps we are being subject 
to a little more ‘spin’ than truth? 

Chris Potter, 
Cornwall 


Probably so Chris, but we do all need to 
conserve more. 


Historical Equipment 


Several readers responded to the letter 
by Graham Bartlett in the Nov issue: 

D.B. Venuti: Graham says many of us 
hoard things, me included!, so a couple 
of suggestions spring to mind. First, I 
suspect that quite a few amateur radio 
clubs would be interested in equip- 
ment/components, for obvious reasons. 
Second, I know that in Norfolk the 
Muckleborough Collection has a lot of 
gear of all sorts, and would no doubt be 
grateful for some of the older items, at 
least to show to the public. It has a radio 
hut section, and can be found at 
www.Muckleborough.co.uk. 

Andy Mills: As a collector and repair- 
er of vintage gear, I am always on the 
lookout for sources of components/spares 
etc, as featured here. I would be grateful 
if you can pass my contact details to 
Graham. 

Godfrey G4GLM: I know the difficul- 
ty of handling the affairs of deceased 
enthusiasts (‘Silent Keys’ as we say when 
a licenced radio amateur passes on). For 
my part, I am collecting the oldest possi- 
ble semiconductors and will gladly pay 
costs plus a charitable donation, all work- 
ing surplus items go into my ‘bank’ ready 
to dish out (no charge made) to any other 
enthusiast who has genuine need. As for 
the rest, try: UES&S Ltd, Units 6 & 7, 
Bayfield Brecks Farm, Holt, Norfolk 
NR25 7DZ. Tel: 01263 710054. Email: 
sales @surplus-electronics.co.uk 

D.A. Pike: I would like to avail myself 
of any meters — RF, moving coil, frequen- 
cy etc. 


All letters were passed on to Graham. 
Thanks everyone. 
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Surfing The Internet 


Alan Winstanley 


All in one search results 

Last month I highlighted the case of a friend’s laptop that 
became the unwelcome host for IE Defender, an unlovely infec- 
tion that hijacks Google and Yahoo search results in a particularly 
offensive way to give the impression that the machine has sud- 
denly been ‘infected’ — which indeed it has, by IE Defender! 

I explained that even a neophyte user could evaluate the prob- 
lem by doing a little Google research on an uninfected machine: 
when you see blogs, forums and websites all asking the same 
thing (namely, how to remove IE Defender malware) then you 
know that you are on the right track. I also explained the steps I 
took to banish IE Defender from the laptop, which after several 
days on its knees sprang satisfyingly back into life. 

Another issue worth remembering is that if you search for, say, 
‘spyware removal’ tools Google will return paid-for sponsored 
links that point to web sites trying to sell you yet another software 
download. Unless you know specifically what you are looking for, 
be wary of lookalike or soundalike products that could, in fact, 
contain more spyware or malware. 

Searching for the popular ‘Spybot Search & Destroy’ (from 
www.safer-networking.org) pointed to all sorts of similar look- 
ing products and it was only through experience that I recognised 
the genuine article. Again, some judicious googling will help you 
form a consensus whenever you are unsure. 

Google remains the world’s best known search engine, closely 
followed by Yahoo, then a distant third comes arch-rival Microsoft 
Live (www.live.com) and lastly Ask (www.ask.com), formerly 
Ask Jeeves. Search results from these major search engines also 
find their way into portal web pages, such as AOL or Tiscali. 

The Google search engine was founded by University statisticians 
and mathematicians who relished the challenge of analysing stacks of 
data, with a view to generating extremely accurate search results. 
Consequently, the search engine is constantly refining its algorithms 
and has created an artificial intelligence all of its own: Google’s 
avowed intention is to analyse and assess web sites accurately in order 
to generate relevant answers to specific search queries (more than 100 
calculations are made by 
Google before it decides 
what results to display). 

As the years pass by, 
Google’s database becomes 
ever more refined. It learns 
from its search results, it 
knows what constitutes a 
popular website, and as 
many website owners have 
found to their cost, Google 
drops from its index any 
sites that it thinks are sub- 
verting Google’s accuracy. 
Simply remember _ that 
Google is staffed by some 
of the finest statistical and 
analytical brains in the 
business. 

The funny thing is, 
though, if I google for 
‘search engines’ — the num- 
ber one result is... 
Dogpile! This interesting 
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The Dogpile search engine combines results from all major search engines 


site (see www.dogpile.com) streams results in from all the major 
search engines and is definitely worth testing. 


Viral vouchers 

At the time of writing, Christmas 2007 is less than two weeks 
away, bringing with it the fallout from the squeeze on spending 
and a credit crunch looming on the horizon. The writer’s eyes lit 
up — just before they narrowed, anyway — when he received an 
email from a correspondent that offered ‘free Marks and Spencers 
[sic] vouchers from Persimmon Homes.’ M&S are a major retail 
chain and Persimmon Homes claims to be the ‘U.K.’s leading 
housebuilder’. All I had to do was circulate the email to 20 con- 
tacts and receive £500 ($1,000) in free M&S vouchers! Also, I 
was supposed to cc: the emailshot to some unfortunate soul’s 
address at Persimmon Homes. 

The email was very cleverly constructed as a ‘viral’ message — 
a marketing message that relies on word of mouth to spread the 
word rather than a static advertisement in the press or on TV. 
Examples include Ford SportKa’s infamous Evil Twin (search 
www.youtube.com) advert that upset some easily offended 
pigeon lovers: no, they did not use real pigeons. 


Marks & Spencers, in conjunction with Persimmon Homes, 
are giving away free vouchers. Marks & Spencers are trying 
word-of-mouth advertising to introduce its products and the 
reward you receive for advertising for them is free non- 
refundable vouchers to be used in any M&S store. 

To receive your free vouchers by email, all you have to do 
is to send this email out to eight people (for £100 of free 
vouchers) or 20 people (for £500 of free vouchers). Within 
two weeks you will receive an email with your vouchers 
attached. They will contact you through your email address. 

Please mark a copy to: xxxxx@persimmonhomes.com 


The email is very plausible, and of course, if anything sounds too 
good to be true then it always is. A simple google search for a phrase 
such as “marks and spencers 
persimmon’ returns in 200 
milliseconds a list of hits 
including “Phoney Marks 
and Spencer email spreads 
like wildfire’ and ‘Marks 
and Spencer Voucher 
Giveaway Hoax’. Surely 
this tells the recipient of an 
enticing email everything 
they need to know about a 
viral hoax that is at least six 
months old. 

The same can be said for 
a number of urgent-sound- 
ing emails that warn us of 
impending doom if we open 
a certain file or read a certain 
email. A good resource is 
McAfee’s list of hoaxes at 
http://vil.mcafee.com/ 
hoax.asp. I am sure readers 
will recognise some of the 
hoaxes listed. 
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DIREC LT BOOK SERVICE 


NOTE: ALL PRICES INCLUDE UK POSTAGE 


Circuits ama Design 


Electronics Teach-In 


+ Free CD-ROM 


Mike Tooley 

A broad-based introduc- 
tion to electronics — find out 
how circuits work and what 
goes on inside them. Plus 
15 easy-to-build projects. 
The 152 page A4 book 
comes with a free CD-ROM 
containing the whole 
Teach-In 2006 series (orig- 
inally published in EPE) in 
PDF form, _ interactive 
quizzes to test your knowl- 
edge, TINA circuit simula- 
tion software (a limited ver- 
sion — plus a specially writ- 
ten TINA Tutorial), together 
with simulations of the cir- 
cuits in the Teach-In series, plus Flowcode (a limited ver- 
sion) a high level programming system for PIC microcon- 
trollers based on flowcharts. 

The Teach-in series covers everything from Electric 
Current through to Microprocessors and Microcontrollers 
and each part includes demonstration circuits to build on 
breadboards or to simulate on your PC. 

In addition to the Teach-/n series, the book includes 15 
CMOS-based simple projects from the Back-To-Basics 
series by Bart Trepak, these are: Fridge/Freezer Alarm, 
Water Level Detector, Burglar Alarm, Scarecrow, Digital 
Lock, Doorchime, Electronic Dice, Kitchen Timer, Room 
Thermometer, Daily Reminder, Whistle Switch, Parking 
Radar, Telephone Switch, Noughts and Crosses Enigma 
and a Weather Vane. There is also a MW/LW Radio pro- 
ject in the Teach-In series. 


152 pages + CD-ROM 


Order code ETI £8.50 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic inte- 
grated circuits. The devices covered include gates, oscilla- 
tors, timers, flip/flops, dividers, and decoder circuits. Some 
practical circuits are used to illustrate the use of TTL 
devices in the “real world”. 


Order code BP332 £5.45 


PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F. A. Wilson, C.G.1A., C.Eng., F.I.E.E., F.L.E.R.E., F.B.1.M. 
Bridges the gap between complicated technical theory, and 
“cut-and-tried” methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical bias 
— tedious and higher mathematics have been avoided where 
possible and many tables have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 


Measurements. 
Order code BP53 £5.49 


256 pages 

MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this cookbook 
provide the basis to make PIC and 8051 devices really work. 
Capabilities of the variants are examined, and ways to enhance 
these are shown. A survey of common interface devices, and a 
description of programming models, lead on to a section on 
development techniques. The cookbook offers an introduction 
that will allow any user, novice or experienced, to make the 
most of microcontrollers. 


240 pages Order code NE26 £23.50 


142 pages 


Computing & |IRobotics 


WINDOWS XP EXPLAINED 

N. Kantaris and P. R. M. Oliver 

If you want to Know what to do next when confronted with 
Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and Home editions. 

The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and how to 
use the Control Panel to add or change your printer, and con- 
trol your display; How to control information using WordPad, 
Notepad and Paint, and how to use the Clipboard facility to 
transfer information between Windows applications; How to 
be in control of your filing system using Windows Explorer 
and My Computer; How to control printers, fonts, characters, 
multimedia and images, and how to add hardware and soft- 
ware to your system; How to configure your system to com- 
municate with the outside world, and use Outlook Express 
for all your email requirements; How to use the Windows 
Media Player 8 to play your CDs, burn CDs with your 
favourite tracks, use the Radio Tuner, transfer your videos to 
your PC, and how to use the Sound Recorder and Movie 
Maker; How to use the System Tools to restore your system 
to a previously working state, using Microsoft's Website to 
update your Windows set-up, how to clean up, defragment 
and scan your hard disk, and how to backup and restore your 
data; How to successfully transfer text from those old but 
cherished MS-DOS programs. 


Order code BP514 £7.99 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the bril- 
liant Lego Mindstorms Robotic Invention System (RIS). 
Initially covers fundamental building techniques and 
mechanics needed to construct strong and efficient 
robots using the various “click-together” components 
supplied in the basic RIS kit. Explains in simple terms 
how the “brain” of the robot may be programmed on 
screen using a PC and “zapped” to the robot over an 
infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC 
may be used to control the robots. 

Detailed building and programming instructions pro- 
vided, including numerous step-by-step photographs. 


268 pages 


288 pages — large format Phe)gemerele(-M=] athe £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS -— Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some simple 
home constructed units. You will be able to build robots 
that can provide you with ‘waiter service’ when you clap 
your hands, perform tricks, ‘see’ and avoid objects by 
using ‘bats radar’, or accurately follow a line marked on 


the floor. Learn to use additional types of sensors includ- 
ing rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an addi- 
tional (third) motor. For the less experienced, RCX code 
programs accompany most of the featured robots. 
However, the more adventurous reader is also shown 
how to write programs using Microsoft’s VisualBASIC 
running with the ActiveX control (Spirit.OCX) that is pro- 
vided with the RIS kit. 

Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 £14.99 


THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE — THIRD 
EDITION John Morton 

Discover the potential of the PIC micro- 
controller through graded projects — this book could 
revolutionise your electronics construction work! 

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised third edition covers the popular repro- 
grammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675. 


Order code NE36 £18.50 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS — SECOND EDITION 

John Crisp 

If you are, or soon will be, involved in the use of 
microprocessors and microcontrollers, this practical intro- 
duction is essential reading. This book provides a thor- 
oughly readable introduction to microprocessors and micr- 
controllers. Assuming no previous knowledge of the sub- 
ject, nor a technical or mathematical background. It is suit- 
able for students, technicians, engineers and hobbyists, 
and covers the full range of modern micros. 

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects 
which have proved difficult, for example 2’s complement, 
are clearly explained. John Crisp covers the complete 
range of microprocessors from the popular 4-bit and 8-bit 
designs to today’s super-fast 32-bit and 64-bit versions 
that power PCs and engine management systems etc. 


Order code NE31 £22.00 


298 pages 


270 pages 


222 pages 
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The books listed have 
been selected by Everyday 
Practical Electronics edi- 
torial staff as being of 
special interest to every- 
one involved in electronics 
and computing. They are 
supplied by mail order 
direct to your door. Full 


ordering details are given 
on the last book page. 


FOR A FURTHER 
SELECTION OF BOOKS 
SEE THE NEXT TWO 
ISSUES OF EPE 


All prices include UK 
postage 


EASY PC CASE MODDING 
R.A Penfold 

Why not turn that anonymous grey tower, that is the 
heart of your computer system, into a source of visual 
wonderment and fascination. To start, you need to change 
the case or some case panels for ones that are transpar- 
ent. This will then allow the inside of your computer and it’s 
working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to cus- 
tomise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and 
it can all be seen to good effect through the transparent 
case. Exterior lighting and many other attractive acces- 
sories may also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the prac- 
tical details you need for using the main types of case 
modding components including:- Electro luminescent (EL) 
‘go-faster’ stripes: Internal lighting units: Fancy EL panels: 
Data cables with built-in lighting: Data cables that glow with 
the aid of ‘black’ light from an ultraviolet (UV) tube: Digital 
display panels: LED case and heatsink fans: Coloured 
power supply covers. 


Order code BP542 £8.99 
ROBOT BUILDERS COOKBOOK 


This is a project book and guide for anyone who 2 


Owen Bishop 
wants to build and design robots that work first time. 

With this book you can get up and running quickly, building 
fun and intriguing robots from step-by-step instructions. 
Through hands-on project work, Owen introduces the pro- 
gramming, electronics and mechanics involved in practical 
robot design-and-build. The use of the PIC microcontroller 
throughout provides a painless introduction to programming — 
harnessing the power of a highly popular microcontroller used 
by students, hobbyists and design engineers worldwide. 

Ideal for first-time robot builders, advanced builders wanting 
to know more about programming robots, and students 
tackling microcontroller-based practical work and labs. 

The book’s companion website at http://books.elsevi- 
er.com/companions/9780750665568 contains: download- 
able files of all the programs and subroutines; program 
listings for the Quester and the Gantry robots that are too 
long to be included in the book. 


Order code NE46 £21.99 


NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer inter- 
facing and the use of transducers and instrumentation. 

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing system 
from the selection of suitable transducers, to collection of 
data, and the appropriate signal processing and conditioning. 

Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 — Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; A to D and D 
to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 — Signal 
processing; Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing. 


Order code NE38 £31.00 
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192 pages 


366 pages 


295 pages 


Testing, Mnacsory and IReferemce 


THE AMATEUR SCIENTIST 

CD-ROM 

The complete collection of The Amateur 
Scientist articles from Scientific American 
magazine. Over 1,000 classic science pro- 
jects from a renowned source of winning 
projects. All projects are rated for cost, dif- 
ficulty and possible hazards. 

Plus over 1,000 pages of helpful science 
techniques that never appeared in 
Scientific American. 

Exciting science projects in: Astronomy; 
Earth Science; Biology; Physics; Chemistry; 
Weather ...and much more! The most complete 
resource ever assembled for hobbyists, and profes- 

sionals looking for novel solutions to research problems. 

Includes extensive Science Software Library with even more science 
tools. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM minimum, 
Netscape 4.0 or higher or Internet Explorer 4.0 or higher. 


Over 1,000 projects £19.95 


BEBOP BYTES BACK (and the Beboputer Computer 
Simulator) CD-ROM 

Clive (Max) Maxfield and Alvin Brown 

This follow-on to Bebop to the Boolean Boogie is a 
multimedia extravaganza of information about how 
computers work. It picks up where “Bebop |” left 
off, guiding you through the fascinating world of 
computer design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In 

addition to over 200 megabytes of mega-cool 

multimedia, the CD-ROM contains a virtual 

microcomputer, simulating the motherboard 

and standard computer peripherals in an 
extremely realistic manner. In addition to a 
wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations, 
the CD-ROM contains a set of lab experiments for the 

virtual microcomputer that let you recreate the experiences of early comput- 
er pioneers. If you’re the slightest bit interested in the inner workings of com- 
puters, then don’t dare to miss this! 

Over 800 pages in Adobe Acrobat format £21.95 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of limited experience of 
electronics. Chapter 1 covers the basics of analogue and digital multimeters, 
discussing the relative merits and the limitations of the two types. In Chapter 
2 various methods of component checking are described, including tests for 
transistors, thyristors, resistors, capacitors and diodes. Circuit testing is cov- 
ered in Chapter 3, with subjects such as voltage, current and continuity 
checks being discussed. 

In the main little or no previous knowledge or experience is assumed. Using 
these simple component and circuit testing techniques the reader should be 
able to confidently tackle servicing of most electronic projects. 


96 pages £5.49 
OSCILLOSCOPES -— FIFTH EDITION 
lan Hickman 


Oscilloscopes are essential tools for checking circuit operation and diagnos- 
ing faults, and an enormous range of models are available. 

This handy guide to oscilloscopes is essential reading for anyone who has to 
use a ’scope for their work or hobby; electronics designers, technicians, anyone 
in industry involved in test and measurement, electronics enthusiasts ... lan 
Hickman’s review of all the latest types of ’scope currently available will prove 
especially useful for anyone planning to buy — or even build — an oscilloscope. 

The contents include a description of the basic oscillscope; Advanced real- 
time oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; 
Digital storage oscilloscopes; Oscilloscopes for special purposes; How 
oscillocopes work (1): the CRT; How oscilloscopes work (2): circuitry; How 
oscilloscopes work (3): storage CRTs; plus a listing of Oscilloscope manufac- 


turers and suppliers. Order code NE37 


288 pages £24.00 


PRACTICAL ELECTRONIC FAULT FINDING AND TROUBLESHOOTING 
Robin Pain 

To be a real fault finder, you must be able to get a feel for what is going on in 
the circuit you are examining. In this book Robin Pain explains the basic tech- 
niques needed to be a fault finder. 


00 


Simple circuit examples are used to illustrate principles and concepts fun- 
damental to the process of fault finding. This is not a book of theory, it is a 
book of practical tips, hints and rules of thumb, all of which will equip the read- 
er to tackle any job. You may be an engineer or technician in search of infor- 
mation and guidance, a college student, a hobbyist building a project from a 
magazine, or simply a keen self-taught amateur who is interested in electron- 
ic fault finding but finds books on the subject too mathematical or specialised. 

The fundamental principles of analogue and digital fault finding are 
described (although, of course, there is no such thing as a “digital fault” — all 
faults are by nature analogue). This book is written entirely for a fault finder 
using only the basic fault-finding equipment: a digital multimeter and an oscil- 
loscope. The treatment is non-mathematical (apart from Ohm’s law) and all 


jargon is strictly avoided. 
£28.99 


274 pages 

ELECTRONIC TEST EQUIPMENT HANDBOOK 

Steve Money 

In most applications of electronics, test instruments are essential for checking 
the performance of a system or for diagnosing faults in operation, and so it is 
important for engineers, technicians, students and hobbyists to understand 
how the basic test instruments work and how they can be used. 

The principles of operation of the various types of test instrument are 
explained in simple terms with a minimum of mathematical analysis. The book 
covers analogue and digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practical uses of these 
instruments are also examined. 


206 pages £9.95 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and technicians, seeks to estab- 
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping are explainend, 
demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters. 

No background other than a basic knowledge of electronics is assumed, 
and the more theoretical topics are explained from the beginning, as also are 
many working practices. The book concludes with an explanation of micro- 
processor techniques as applied to digital logic. 


200 pages £9.95 
UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop 


Owen Bishop has produced a concise, readable text to introduce a wide range 
of students, technicians and professionals to an important area of electronics. 
Control is a highly mathematical subject, but here maths is kept to a minimum, 
with flow charts to illustrate principles and techniques instead of equations. 

Cutting edge topics such as microcontrollers, neural networks and fuzzy 
control are all here, making this an ideal refresher course for those working in 
Industry. Basic principles, control algorithms and hardwired control systems 
are also fully covered so the resulting book is a comprehensive text and well 
suited to college courses or background reading for university students. 

The text is supported by questions under the headings Keeping Up and Test 
Your Knowledge so that the reader can develop a sound understanding and 
the ability to apply the techniques they are learning. 


228 pages £22.50 


HOW ELECTRONIC THINGS WORK — AND WHAT TO DO WHEN THEY DON’T 
Robert Goodman 

You never again have to be flummoxed, flustered or taken for a ride by a piece 
of electronics equipment. With this fully illustrated, simple-to-use guide, you 
will get a grasp on the workings of the electronic world that surrounds you — 
and even learn to make your own repairs. 

You don’t need any technical experience. This book gives you: Clear expla- 
nations of how things work, written in everyday language. Easy-to-follow, illus- 
trated instructions on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on protecting your 
expensive equipment from lightning and other electrical damage. Lubrication 
and maintenance suggestions. 

Covers: colour TVs, VCRs, radios, PCs, CD players, printers, telephones, 
monitors, camcorders, satellite dishes, and much more! 


394 pages £21.99 
VINTAGE RADIOS 


Tony Thompson W 


Since the 1920s the radio set has been an important part of most people’s 
lives. In the thirties and fourties the wireless was an important piece of furni- 
ture and a potent symbol of status; beautifully made floor-standing and 
table-top sets in veneered wood and trendy Bakelite became the focal points 
of living rooms up and down the land. After the war the emphasis began to 
change towards portability, and the change from valves to transistors in the 
1960s changed the radio into a more useful but far less interesting object. 

The book tells the collector, and the armchair wireless enthusiast, every- 
thing he or she needs to know about classic radios from the 1920s to the end 
of the 1960s. All the important makes and models are discussed, and the 
author also covers buying and selling, care and restoration, and many other 
topics, including foreign radios and radio-related ephemera. 

Illustrated with hundreds of colour photographs, this is the perfect collec- 
tors companion to the fascinating topic. 


208 pages — hardback £21.95 


All prices include UK p&p 
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UK readers you can 


SAVE 60p 


on every issue of EPE 


How would you like to pay £3.15 instead of £3.75 for your copy of EPE? 
Well you can — just take out a one year subscription and save 60p an issue, 
or £7.20 over the year 


You can even save over 81p an issue if you subscribe for two years 
— a total saving of £19.50 


Overseas rates also represent exceptional value 


You also: 
e Avoid any cover price increase for the duration of 
your subscription 
e Get your magazine delivered to your door each month 
e Ensure your copy, even if the newsagents sell out 


Order by phone or fax with a credit card or by post with a cheque or postal order, or 
buy on-line from www.epemag.co.uk (click on “Subscribe Now’’) 


EPE SUBSCRIPTION PRICES — aeaig ro ORDER 


Subscriptions for delivery direct to any address in the UK: 


6 months £19.95, 12 months £37.90, two years £70.50; 
Overseas: 6 months £23.00 standard air service or £32.00 
express airmail, 12 months £44.00 standard air service or £62.00 
express airmail, 24 months £83.00 standard air service or 


6 Months: UK £19.95, Overseas £23.00 
(standard air service), £32.00 (express airmail) 
1 Year: UK £37.90, Overseas £44.00 (standard air service) 
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£119.00 express airmail. £62.00 (express airmail) 
Cheques or bank drafts (in £ sterling only) payable to Everyday 2 Years: UK £70.50, Overseas £83.00 (standard air service) | 
Practical Electronics and sent to EPE Subs. Dept., Wimborne £119.00 (express airmail) — 
Publishing Ltd., Sequoia House, 398a Ringwood Road, To: Everyday Practical Electronics, 
Ferndown, Dorset BH22 9AU. Tel: 01202 873872. Fax: 01202 Wimborne Publishing Ltd., Sequoia House, 
874562. Email: subs @ epemag.wimborne.co.uk. Also via the 398a Ringwood Road, Ferndown, Dorset BH22 9AU 
Web at http://www.epemag.co.uk. Subscriptions start with the Tel: 01202 873872 Fax: 01202 874562 I 
next available issue. We accept MasterCard, Maestro or Visa. E-mail: subs@epemag.wimborne.co.uk 
(For past issues see the Back Issues page.) 
| enclose payment of € ........... (cheque/PO in€ sterling | 

ONLINE SUBSCRIPTIONS only), payable to Everyday Practical Electronics 

Online subscriptions, for downloading the magazine via the 
Internet, $18.99US (approx. £9.50) for one year available from Miyrcard number IS cassie were neatrete ne acnn 
www.epemag.com. Please print clearly, and check that you have the number correct 
I 

I 

USA/CANADA SUBSCRIPTIONS Sastre ! 

SPE CAMP ante Pec Wan en ae a RARalaioa eR area NPB a : 

To subscribe to EPE from the USA or Canada please telephone 
Express Mag toll free on 1877 363-1310 and have your credit Card Security Code ...............0. (The last 3 digits on or just under the 1 
card details ready. Or fax (514) 355 3332 or write to Express Mag, signature strip) 
PO Box 2769, Plattsburgh, NY 12901-0239 or Express Mag, ; 
8155 Larrey Street, Anjou, Quebec, H1J 2L5. Gandiex Wate. sree eee Maestro Issue No. ......:..-..-- 
Email address: expsmag @ expressmag.com. 
Web site: www.expressmag.com. 
USA price $79(US) per annum, Canada price $125(Can) per Same 


annum — 12 issues per year. I 
Everyday Practical Electronics, periodicals pending, ISSN 0262 3617 is ; 
published twelve times a year by Wimborne Publishing Ltd., USA agent Address y 
USACAN at 1320 Route 9, Champlain, NY 12919. Subscription price in US I 
$79(US) per annum. Periodicals postage paid at Champlain NY and at 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. Double-sided boards are NOT plated through hole and will require ‘vias’ 
and some components soldering both sides. All prices include VAT and postage and 
packing. Add £1 per board for airmail outside of Europe. Remittances should be sent 
to The PCB Service, Everyday Practical Electronics, Wimborne Publishing Ltd., 
Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. Tel: 01202 
873872; Fax 01202 874562;Email: orders@epemag.wimborne.co.uk. On-line 
Shop: www.epemag.wimborne.co.uk/shopdoor.htm. Cheques should be crossed 
and made payable to Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photocopies of articles are available if required — see the Back 
Issues page for details. We do not supply kits or components for our projects. 


Please check price and availability in the 
latest issue. A large number of older boards are 
listed on, and can be ordered from, our website. 
Boards can only be supplied on a payment with order basis. 


Poor Man’s Metal Locator 

% Digital Instrument Display for Cars 
— Micro Board 
— Display Board 

Widgy Box 

Phone Ring & Test 


% Sudoku Unit 
PC Power Monitor 


Home Theatre Sound Level Checker 
Adjustable DC-DC Converter For Cars 
% Telephone Dialler For Buglar Alarms 
% High Intensity Torch 
% Low Cost 50MHz Frequency Meter SEP ’06 

Version 1 

Version 2 

Version 3 
Smart Mixture Display for your Car 
Water Level Gauge — Sensor 

— Display 

OCT ’06 587 
588a & b 


Fridge Door-Open Alarm 
Linear Supply For 1W Star LEDs (Pair) 
Through-Glass Alarm 


Quick Brake 

Studio 350 Power Amplifier 

Micropower Battery Protector 

% Giant LED Message Display — Master 
— Slave 


NOV ’06 


Lapel Microphone Adaptor DEC ’06 
RGB To Component Video Converter (double sided) 

USB Power Injector 

% Mind Trainer 


Balanced Microphone Preamp JAN ’07 
High-Efficiency Power Supply for 1W Star LEDs 
Jumping Spider 
% Programmable Robot FEB ’07 
Courtesy Light Delay 
% Deep Cycle Battery Charger 

Power Board 

Control Board 

Display Board 
% PIC Digital Geiger Counter (double sided) 


IR Remote Checker MAR ’07 
% SMS Controller 
% Lap Counter For Swimming Pools 


% PIC Polyphonium — Main Board 


PIC Polyphonium — LED Display Interface APR ’07 612 
Students’ Amp — Amplifier 
—~ PSU 614 


Star Power 615 


MAY ’07 618 
619 
JUN ’07 oo} : 
pair 


617 
620 + chip 


Bass Extender 
Caravan Lights Check 


y% Energy Meter — Main Board 

— Display Board 
3V to 9V Converter (PCB plus TL499A IC) 
Bat Sonar 


MiniCal 5V Meter Calibration Standard 
Lead-Acid Battery Zapper 

Video Reading Aid 

Digi-Flash Slave 


70 


PROJECT TITLE 


TwinTen Stereo Amplifier 


AUG ’07 
Printer Port Hardware Simulator 
%* RFID Security Module 
% V2 PC Scope — Control Board 
Analogue Board 


+ Flexitimer — Main Board SEPT ’07 
— Display Board 1 
— Display Board 2 
— Display Board 3 

Pocket Tens Unit 


% Simple Seismograph OCT ’07 
% V8 Doorbell 

— Main Board 

— Display Board 
% Standby Power Saver 

— Transmitter 

— Receiver 

— PSU 


Vehicle Voltage Monitor 

% USB Electrocardiograph 

% Inductance & Q-Factor Meter 

Experimenter’s Audio System — Main Board 
— PSU 

%* Teach-In ’08 — Master Control Board 


iPod or MP3 Player Charger 

AVR ISP Socketboard 

% PIC Speech Synthesiser — Playback 
— Record 


NOV ’07 


DEC ’07 


%* Serial I/O Controller JAN ’08 
% MIDI Drum Kit — Main Board 
— Display Board 
Phone/Fax Missed Call Alert 
% PIC Carillon 


MIDI Drum Kit — Optical Sensor 
Studio Series — Stereo Preamplifier — Pre Amp 
— PSU 


FEB ’08 


Electrosmog Sniffer 


EPE SOFTWARE 


* All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 


| site, accessible via our home page at: www.epemag.co.uk. 


PCB MASTERS 


PCB masters for boards published from the March ‘06 issue onwards can 
also be downloaded from our UK website (www.epemag.co.uk); go to the 
‘Downloads’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


(cheque/PO in £ sterling only) to: 


Everyday 
Practical Electronics = 


MasterCard, Visa or Maestro 


“VISA 
(Sait 
Card No 


Valid From Expiry Date 


Card Security Code Maestro Issue No 
(The last 3 digits on or just under the signature strip) 


Signature 


NOTE: You can also order p.c.b.s by phone, Fax, Email or via the shop 
on our website on a secure server: 


http://www.epemag.co.uk 
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CLASSIFIED ADVERTISEMENTS Everyday Practical Electronics reaches more UK 


readers than any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 
this market for the last twenty-three years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display pages 
offer excellent value. The prepaid rate for semi-display space is £10 (+VAT) per single column centimetre (minimum 2-5cm). The prepaid 
rate for classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together with 
remittance, should be sent to Everyday Practical Electronics Advertisements, Sequoia House, 398a Ringwood Road, Ferndown, Dorset 
BH22 9AU. Phone: 01202 873872. Fax: 01202 874562. Email: epeads @wimborne.co.uk. For rates and information on display and 
classified advertising please contact our Advertisement Manager, Stewart Kearn as above. 


SAFFRON ELECTRONICS LTD 
Suppliers of High Quality Electronic Components 
since 1991 
Resistors, Caps, Batteries, Chargers, Semiconductors, 
LED’s, IC’s, PCB’s, Switches, Solder, Cable, Wire, Etc. 


Mechatronics-online.co.uk 
Suppliers of Mechanical and Electronic Components 
To the Hobbyist, Student, and Professional 


Sales@mechatronics-online.co.uk 
Free software Download 
Electronics, Mechanics, Maths and Computing 


Online Catalogue and Shop available at 
www.SaffronElectronics.co.uk 
3/04 St. Albans House, St. Albans Road, Stafford, ST16 3DR 
Telephone: 0845 166 2314 (local rate) 


Visit our website 
www.Mechatronics-online.co.uk 
VALVES AND ALLIED COMPO- 
NENTS IN STOCK. Phone for free list. 
Valves, books and magazines wanted. 
Geoff Davies (Radio), tel. 01788 574774. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 


isplay PS data as text over the signal 


20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


N.R. BARDWELL Ltd — est 1948 
Electronic Component Supplies 
LED’s, Semis, IC’s Resistors, Caps, etc 
send 44p for lists. 1000’s bargains at our 
secure site: www.bardwells.co.uk 


288, Abbeydale Rd. Sheffield. S7 1FL 
0845 166 2329 (local rate) 


BOWOOD ELECTRONICS LTD On Sale Now at WHS £6.99 


Suppliers of Electronic Components 


Place a secure order on our website or call our sales line 
All major credit cards accepted 


Web: www.bowood-electronics.co.uk 
Unit 1, McGregor’s Way, Turnoaks Business Park, 
Chesterfield, S40 2WB. Sales: 01246 200222 


Send 60p stamp for catalogue BF  ageioen 
fyi) Pit @ 


WWW.EPOINag 


Get your magazine ‘instantly’ anywhere in the world — buy and 
download from the web. 


TAKE A LOOK, A FREE ISSUE IS AVAILABLE 


A one year subscription 
(12 issues) costs just $18.99 (US) 


a = = ‘ff 


fee 


UK & International Suppliers of Electronic Components & Kits 
Capacitors Resistors Transistors Optoelectronics PCBs Breadboard 
Solder Switches Cable Batteries Tools CMOS ICs Potentiometers 
P&P £2.50 (orders over £25 free P&P) No Min Order. No VAT 
NEW 2008 MAIL ORDER CATALOGUE AVAILABLE AT 


www.rshelectronics.co.uk 


TO ADVERTISE IN 
OUR CLASSIFIED 
SECTION 
Contact 
Stewart Kearn 
on 01202 873872 


stewart.kearn@wimborne.co.uk 
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Back issues are also available 
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Europe’s Largest 
Surplus Store 
20,000,000 Items on line NOW ! 


New items added dail 
Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 

# 6,000,000 Semiconductors 

@ 5,000 Power Supplies 

@ 25,000 Electric Motors 

10,000 Connectors 

100,000 Relays & Contactors 

@ 2000 Rack Cabinets & Accessories 
# 4000 Items of Test Equipment 

@ 5000 Hard Disk Drives 


Display Electronics 
29 | 35 Osborne Road 
Thornton Heath 
Surrey UK CR7 8PD 


Telephone 


[44] 020 8653 3333 
Fax [44] 020 8653 8888 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


Instrument case with edge connector and screw terminals 
Size 112mm x 52mm _ x 105mm tall 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT (=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 


= 


866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77 a 


Please add £1.66 + VAT = £1.95 postage & packing per order 


JPG Electronics 


Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


al EVERYDAY PRACTICAL 
E mas ELECTRONICS 
NEXT MONTH 


STUDIO SERIES — STEREO HEADPHONE 
AMPLIFIER 

A top-class headphone amplifier that can drive high or 
low-impedance ‘phones to full power levels, with very low 
noise and distortion. 


MULTI-THROTTLE CONTROL 

Are you into PC flight simulators? Do you find the throttle 
response of your controller less than satisfying? Take a 
step up: add this very simple multi-throttle controller and 
start flying with the big boys... 


FLUORESCENT TUBE DRIVER 

A low-cost project designed to provide fluorescent light- 
ing operating from a 6V rechargeable battery. Ideal for 
emergency, camping and even for ‘green’ lighting, as it is 
possible to charge batteries during the day from fairly 
small solar panels, and use them for lighting at night; or 
for lighting the corners around the house, such as in 
under-the-stairs cupboards where mains may not be 
readily available. 


MIDI DRUM KIT — PART 4 
The software and driving it. 


MARCH O08 ISSUE ON SALE FEBRUARY 14 


ADVERTISERS INDEX 


AUDON ELECTRONICS 
BETA-LAYOUT 

BULL GROUP 

COMPACT CONTROL DESIGN 
DISPLAY ELECTRONICS 

ESR ELECTRONIC COMPONENTS 
JAYCAR ELECTRONICS 

JPG ELECTRONICS 
LABCENTER 

LASER BUSINESS SYSTEMS 
MAGENTA ELECTRONICS 
NURVE NETWORKS LLC 
PEAK ELECTRONIC DESIGN 
PICO TECHNOLOGY 
QUASAR ELECTRONICS 
SHERWOOD ELECTRONICS 
STEWART OF READING 
SUMMIT ELECTRONICS 
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Audio Amplifier 
2 x 15Wrais (4 ohm) or 2x 10Wrms 
(8 ohm). Overheating & short cir- 
cuitiprotected..No need for rectifi- 
e€r & smooihing, only AC supply 
required. 

K4003 Kit £12795 
VM113 Assembled £14.75 


Audio Amplifier 
100Wrms @ 4ohm DC sup- 
ply circuit on board with 
LED indication ideal for ac- 
tive speaker system or sub- 
woofer, guitar amp, home 
theatre systems, etc. Over- 
load & short-circuit protected. 


K8060 Kit em1.95 
VM100 Assembled with heatsink 25.95 
Audio Amplifier 


Stereo 2 x 50Wrms ora 
Mono 100Wrms ampli- 
fier. Three input 
sensitivity settings. 
Overload & short-cir- 
cuit protection, protection against incorrect power supply 
polarity. Speaker transient suppression. 
K4004 Kit 


Digital Storage magne 


PC based using supplied windows software. All standard 
oscilloscope functions are available. Its operation is just 
like a normal oscilloscope. Connection is through the 
computer's parallel port, the scope is completely optically 
isolated from the computer port. 
K8031 Kit 

PCS100A Assembled 


SPN 25 
£85.00 


PC Function Generator 

: 0.01Hz to 1MHz crystal-based, op- 
tically isolated from the PC. Sine, 
square & triangle. Includes Win- 
dows™ '95/'98/NT/2000/XP inte- 
grated software for the function 


. generator. 
> K8016 Kit £76.95 
y ‘| PCGIOA Assembled£98.95 


PIC Programmer 
Suitable for a wide range 
of Microchip® PIC™ mi- 
crocontrollers, onboard « 
configurable 40 pin. ZIF © 
socket, Microcontroller 
selection using patch 
jumper, easy to use pro- 
gramming PlCprog2006™ software included, SUBD con- 
nector set included. 
K8076 Kit 


1A Power Supply 

Low cost universal symmetric power supply just add a 
suitable transformer and a heatsink, 
.. trimmers can be replaced by po- 
tentiometers to allow continuous ad- 


£16.45 


» justment of output, LED output 
* indicators. 
K8042 Kit £8.45 


NIC COMPONENTS 


www.esr.co.uk 


than 80 countries. 


For Microchip® FLASH 
PIC™ microcontrollers sup- 
ports 4 different 300 mil. 
PICs: 8p, 14p, 18p and 28p 
test buttons and LED indicators. Supplied with program- 
ming examples & easy connection to a PC through the 
serial port. Supplied with a PIC16F627 and software to 
compile and program your source code. 
K8048 Kit 
VM111 Assembled 
USB Interface 
A interface board with 5 digital 
input & 8 digital output chan- 
nels. In addition, there are two 
analogue inputs & two ana- 
logue outputs with 8 bit resolution. All communication 
routines are contained in a Dynamic Link Library (DLL). 
You may write custom Windows (98SE, 2000, Me, XP) 
applications in Delphi, Visual Basic, C++ Builder or any 
other 32-bit Windows application development tool that 
supports calls to a DLL. 
K8055 Kit 
VM110 Assembled 
USB Interface Board 
With a total cof — 23mm 
input/outputs: including ana- 
logue / digital and + IPWM 
output. Connection to the 
computer is galvanically op- 
tically isolated, so that dam- 
age to the computer is not 
possible thus providing a high level of secure implementa- 
tion. Supplied with test software & examples. 
K8061 Kit £44.85 
High Power LED Driver 
Power up to four 1W or two 3W high-power LEDs (not 
incl.) Delivers accurate constant current required by most 
high-power LEDs, built-in rectifier for easy 
connection to AC source, compact size, 
a short-circuit protected, no heatsink re- 
~ quired. 
i K8O71 Kit £4.45 
VM143/1W for 1W LEDs £6.95 
VM143/3W for 3W LEDs £7.35 


Remote Control by Telephone 

Turn up to three devices on or off over the telephone. It is 
also possible to check the condition of a switch (open or 
closed). A major advantage of this circuit lies in the fact 
that audio signals are used 
to tell whether a_ specific 
output has been turned on or 
off. Operation is protected 
by a user defined code, 
which is simply keyed in 
from the telephone keypad. 
K6501 Kit 226.95 


£18.45 
£24.95 


£16.90 
£2723 


USB DMX Interface 


Control DMxX fixtures using a PC 
and USB interface, test software 
and "DMX Light Player" soft- 
ware is included, a DLL is pro- 
vided to write your own 
software. Stand-alone test func- 
tion that outputs all 512 channels 
at a time, with adjustable levels. 
Supplied with case, lead & CDROM 
K8062 Kit 

VM 116 Assenbled 

Remote Control Transmitter 
For use with the K8057/VM109 2-channel RF receivers. 
Generates unique 32-bit code more than 
1,000,000,000 unique codes code can 
easily be changed for safety purposes 
choose continuous or 'burst' transmission 
LED indicator. 
K8059 Kit 


£43.45 
£49.95 
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Over 300 Kits, Mini Kits & Medules - Full Catalogue Available 


Tel: 0191 2514363 


Cullercoats : = 5 50 
— greater than 1kg or >£30 
Fax: 0191 2522296 Tyne & Wear * Cheques / Postal orders payable to 
sales@esr.co.uk NE3O 4PQ a ESR Electronic Components. 


VELLEMAN® is ao major European distributor of high quality electronic 
products. They have been trading for more than 35 years and operate 
trom, Gavere, Belgium. With a network of over 17,000 dealers in more 


We are now able to offer you the complete range of their 
electronic kits, modules and PC based development products. If you 
would like a copy of the latest 80 page catalogue please phone, fax or 
email your name and address. www.esr.co.uk/velleman 


Remote Control Receiver 
Two relay contact outputs for use 
with K8059 and VM108 two chan- 
nel RF codelock transmitters, tog- 
gle or pulse function selectable 
per output, can learn a unique 
32-bit code from the transmitters, 
store up to 31 transmitters, LED indicators for outputs 
and functions. 
K8057 Kit 


Remote Control Transmitter 

Compact 2-button IR keychain remote compati- 
ble with most Velleman IR receivers, 2 powerful 
IR LEDs for a range of up to 15m, 16 channels 
(allow use of multiple transmitters in one room), 
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easy channel configuration, no jumpers required. 


O:29 


MK162 Mini Kit 

Remote Control Receiver 

Two channels with relay output (4 
(24VAC/DC 1A max.) ultra compact Bj 
channel and reception indication . 
through LEDs toggle / pulse selec- 
tion for each channel learn mode 
for channel ID all settings are 
stored in EEPROM compatible with 
most Velleman Kit IR remotes. 
MK161 Mini Kit 


3-30V 3A Power Supply 

Suitable as a power supply for all 
common Velleman kits using a sta- 
bilised DC voltage between 3 and 
§ 30V, 3A max. Of course this pow- 
= er supply unit can also be used 


for other purposes. By replacing the 
ftimmer by a potentiometer, it may even be used as an 
adjustable power supply unit. Supplied with heat sink. 
i793 


K7203 Kit 


Sound to Light Unit ; 
Low, mid and high channels.gqg 
Sensitivity adjustment per|y 

channel. LED indication per 
channel. Attractive translu- ' 
cent enclosure. Microphone includ- 
ed. Noise suppressed according to EN55015 
K8017 Kit 4.9 
Clap On/Off Switch 

Operate your lighting simply by clapping 
your hands. Good immunity against sur- 
rounding noises, 'l-clap!' or '2-clap'-mode 
selection, '2-clap'-mode features built-in 
safety turn-off timer (approx. 5h), output relay 'pulse' or 
'toggle' selection. 
MK139 Mini Kit 


Voice Changer 

Make your voice sound like 
a robot, add vibrato effect, 
use the 'pitch'-buttons and 
make your voice sound lower or 
higher, built-in microphone and 
power amplifier with volume con- 
trol, just add a speaker. 

MK171 Mini Kit 


o/ 3 


or? 


Ultrasonic Radar Module 
Buzzer output: fast / slow / con- 
tinuous distance indication with 


3-LED-bar adjustable alarm. 
LED alarm indicator, dry contact 
NO/NC relay 


VM125 Assembled £16.45 
IR Light Barrier 

Audible (85dB) and visible 
(LED) alert, range: 1 to 4m, 
on/off switch provided, 
power supply: 9V battery, 
holder and adapter jack in- 
cluded 

MK120 Mini kit 
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Prices Exclude Vat @17%%. 
UK Carriage £2.50 (less than lkg 


PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 


TAN RNY 
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NEW: Redesigned User Interface includes modeless 
selection, modeless wiring and intuitive operation to 
maximise speed and ease of use. 


NEW: Design Explorer provides easy navigation, 
design inspection tools and cross-probing support to 
improve quality assurance and assist with fault 
finding. 


NEW: 3D Visualisation Engine provides the means to 
preview boards in the context of a mechanical design 
prior to physical prototyping. 


PROTEUS 


TIME FOR A CHANGE ? 


SIGN SUITE 7: 


DESIGN 
SUITE 


NEW: Simulation Advisor includes reporting on 
simulation problems with links to detailed 
troubleshooting information where appropriate. 


NEW: Trace capability within both MCU and 
peripheral models provides detailed information on 
system operation which allows for faster debugging 
of both hardware and software problems. 


NEW: Hundreds of new device models including 
PIC24, LPC2000, network controllers and general 
purpose electronic components. 


Electronic Design From Concept fo Completion 
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